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Abstract 
Parkinsonia aculeata, a Weed of National Significance (WoNS) has been observed 
displaying unexplained mortality within populations across northern Australia since the 
1950s.  This disorder is commonly referred to as parkinsonia dieback and causes substantial 
plant death in some areas.  In some observed cases, plants suffering from dieback show 
symptoms starting from the tip of the branch which begins to die back, with phyllodes and 
pinnae drying up and remaining attached to the plant.  A distinct dark, necrotic region on the 
stem appears to move down the plant as the disease develops.  Vascular staining is often 
evident when the vascular tissue of stems are exposed.  It was hypothesised that this 
disorder is caused by a fungal pathogen or pathogen complex, offering potential for 
biological control of parkinsonia.   
Stem samples from dieback affected plants were collected through the use of surveys, 
totalling 77 samples from across 5 defined climatic areas in Australia.  This resulted in 159 
fungal isolates representing 41 different species from 13 defined families. Eight species 
were represented from the Botryosphaeriaceae family and as a group of fungi were present 
in all of the five climatic regions sampled.   
A selection of these fungal organisms were used to develop techniques to bring about 
successful infection of parkinsonia plants, and to determine their capability to cause disease 
symptoms under field conditions.  Five individual field trials were established across northern 
Australia assessing the use of various wounding methods, inoculation formulation types and 
fungal species including Phoma sp., P. macrostoma, Fusarium chlamydosporum var. 
fuscum, F. equiseti, Lasiodiplodia pseudotheobromae, Neoscytalidium novaehollandiae and 
Macrophomina phaseolina.  The development of inoculum formulation indicated that dry 
solid inoculum grown on French White millet (Panicum miliaceum) seed was the most 
suitable for the harsh field conditions experienced.  Interactions between wounding method 
and plant health ratings varied across experiments, as did lesion length and interaction with 
inoculum treatments.  This may indicate unmeasured stresses and environmental factors 
played a role in plant predisposition to pathogen infection and disease expression.  On one 
site, large numbers of trial plant deaths was observed.  Transects established through these 
inoculated plants and non-inoculated plants indicated a direct correlation between distance 
to nearest inoculated plant and plant health 21 months after inoculation. 
Dieback movement in a naturally occurring area was studied over a period of seven years. 
Plant health in two 50m transects was assessed to monitor the movement of parkinsonia 
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dieback and to establish a general base line understanding of the time taken for an adult 
parkinsonia tree to be killed by dieback. Individual plant health generally declined over 
consecutive years, with 98% of plants dying over the study period and no new seedling 
recruitment observed.   
These studies confirmed that a range of fungi, particularly those from the 
Botryosphaeriaceae family are associated with parkinsonia dieback.  Field inoculation trials 
proved some of these species are capable of causing large lesions on adult plants, and in 
some instances are able to cause plant mortality when formulated using a dry, solid medium. 
Transect studies assessing the movement of naturally occurring dieback through a stand of 
parkinsonia plants provide the first long term study of this phenomenon and its effect on 
plant health over time.  This provides a significant contribution to our understanding of 
parkinsonia dieback and offers potential for the formulation of biocontrol agents following 
further investigations.  
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 General Introduction  
1.1    Research background  
Parkinsonia aculeata L. (parkinsonia) (Caesalpinioideae) has been identified as one of 
Australia’s top 20 weeds, currently infesting up to 3.3 million ha of land and threatening to 
invade much more of the mainland (Deveze 2004; van Klinken et al. 2009a; van Klinken et 
al. 2009b).  High, unexplained, mortality within parkinsonia populations have been observed 
for over 6 decades (Tony Kendall, 2006 Personal communication).  This disorder is 
commonly referred to as parkinsonia dieback, and causes substantial plant death in some 
areas.  Dieback has been observed in a range of woody weeds across Australia with a range 
of factors attributed to plant death, many of these including pathogenic fungi as a contributor 
(Wilson & Pitkethley 1992; Cother et al. 1996; Heard & Segura 2004; Aghighi et al. 2012; 
Aghighi et al. 2014; Haque 2015; Sacdalan 2015).   
The term ‘dieback’ can be easily interchanged with ‘decline’ or ‘blight’ and is used to describe 
a set of symptoms associated with a disease syndrome.  These terms are used often when 
the causal agent is unknown (Housten 1992).  The first signs of dieback in parkinsonia (loss 
of pigmentation, desiccation of foliage and browning of stems) appear to move from the tip 
of the branch down towards the base, eventually killing the plant (Figure 1-1).  Not all 
branches are necessarily affected at once; this symptom may first appear on one branch 
and move through the remaining branches (personal observation).  In some observed cases 
phyllodes and pinnae dry up and remain attached to the plant.  When stems of affected 
branches are cut open vascular staining is often evident and can usually be followed through 
the whole plant to the roots (Figure 1-1).  Some cases have been observed where staining 
ceases before the root when there is a wound in the base of the plant below soil level 
(personal observation).  To the untrained eye dieback can be easily confused with drought 
stress, but can be generally be distinguished by vascular staining in affected plants.  Drought 
stressed plants appear to shed their foliage compared to dieback affected plants which do 
not.  Observations suggest that seedlings do not show symptoms as commonly as mature 
plants, although seedling density in dieback affected areas is generally lower than in healthy 
stands of parkinsonia. 
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Figure 1-1: Symptoms of dieback on Parkinsonia aculeata.  Dieback affected plant (a); Dieback lesion 
moving from tip down branch (b); Stem vascular staining (c); Stem vascular staining )d) 
 
Research into parkinsonia dieback has so far indicated a number of fungal pathogens 
capable of causing dieback in parkinsonia seedlings and juvenile plants (Wong 2008; Toh 
2009), with a range of endophytes also associated with this phenomenon (Steinrucken et 
al. 2015).  Fungal pathogens are an important factor in plant community structure (Dinoor & 
Eshed 1984; Burdon 1991; Holdenreider et al. 2004; Mordecai 2011), with a number of other 
(biotic and abiotic) factors often associated with plant population decline(Housten 1992).  
The widespread occurrence of parkinsonia dieback, and its impact on parkinsonia 
populations in areas where it has established has resulted in an important ecological 
phenomenon.  Understanding this dieback syndrome and its causal agents has potential for 
the formulation of biological control agents for this invasive weed. 
The application of fungi for biological control is largely focused on the inundative approach, 
with fungi being applied in mass application, usually involving repeat applications (McRae & 
Auld 2000; Quimby et al. 2003).  This is often expensive and requires a high level of external 
input.  The use of biological control in areas such as rangelands is often approached with 
the classical (inoculative) approach (Charudattan 1988).  Formulation of fungi is important 
for infection to occur (Sands et al. 1996), with a range of methods used. Various approaches 
to formation have been used in biological control from simple liquid inoculum (Klein 1992) 
to more complex ‘Pesta’ formulations (Connick et al. 1991).   
a 
c d 
b 
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1.2    Objectives of research and hypotheses 
This research focuses on developing an understanding of parkinsonia dieback, achieved 
through a series of field investigations.  A range of fungal species associated with 
parkinsonia dieback across its northern Australian distribution were established, with their 
frequency of occurrence determined across dieback sites experiencing differing climatic 
conditions.  A naturally occurring dieback site was the focus of an eight year study monitoring 
the progression of dieback affected plants through a stand of parkinsonia.  This is the first 
study to assess the movement of parkinsonia dieback over time.  Five independent field 
trials across three locations were established to both develop a form of inoculum that could 
be applied in the field, and to determine if dieback symptoms could be recreated with these 
inoculation techniques.  This is the first study to develop a grain based inoculum to be 
delivered to the internal plant tissue of woody weeds.  Further studies have followed on from 
this research adopting this as a successful inoculation technique for introducing fungi into 
woody weeds (Wong 2008; Drugyel 2009; Toh 2009; Haque 2015; Sacdalan 2015). 
This thesis is structured to address a series of research questions which will aim to provide 
an understanding of the parkinsonia dieback phenomenon.  Chapter 1 has given an 
overview of the research rational and objectives of this study.  Chapter 2 will provide a review 
of associated literature, focusing on the host plant, biological control, dieback and the role 
of endophytes in plant invasiveness and disease.  
Chapters 3-5 will address the following research hypotheses: 
 A range of fungal organisms are associated with dieback in parkinsonia (Chapter 3). 
 Parkinsonia dieback is a slow moving epidemic which proves lethal to parkinsonia 
populations (Chapter 4). 
 Dieback pathogens can be formulated into an inoculum that can be manually applied 
and recreate dieback symptoms in a population of parkinsonia (Chapter 5). 
Chapter 6 will summarise the main findings of this research, with suggestions for future 
directions in research involving parkinsonia dieback. 
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 Parkinsonia ecology, dieback disease and biological control – review  
2.1    The host plant: Parkinsonia aculeata 
Parkinsonia is a woody weed which grows between 2 and 8m high.  It is a prickly shrub  
generally growing as a single stemmed plant, however, damage to the plant will result in the 
occurrence of multi stems (Deveze 2004).  Parkinsonia has a deep tap root and an extensive 
surface root system (Deveze 2004).  The bark is bright green, and becomes brown and 
slightly cracked with age.  Branchlets are green and slightly zigzagged, and have 7-12mm 
long thorns from the leaf nodes. The leaves are bipinnate, with a flattened rachis and 25-30 
pairs of leaflets (Hocking 1993; Deveze 2004). Flowers are bright yellow with five petals, 
and are borne on long slender stalks at the end of branches (Donnelly 1995) (Figure 2-1).   
 
Figure 2-1: Parkinsonia aculeata. Parkinsonia plant (a); Flower spike (b); Zig zag shaped stem, with 
thorn and rachis with leaflets (c). 
a 
b c 
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Parkinsonia is a fast growing shrub, sometimes flowering in its second year.  Flowering 
generally occurs in the warmer months of the year but can be opportunistic, flowering at any 
suitable time (Donnelly 1995).  Seeds are hard, brown and ovoid and are produced in pods 
(commonly three seeds per pod, but seed numbers between 2 to12 per pod also occur). 
Pods decompose readily, leaving seeds with a hard coat that remain viable in the soil for a 
number of years (Hocking 1993; Deveze 2004).  After rainfall dense thickets can form due 
to mass germination of seeds.  Parkinsonia seed pods float thus causing rapid spread of the 
weed through river systems and waterways, especially during floods (Deveze 2004). 
2.1.1 Distribution and threat 
Parkinsonia was introduced to Australia during the late 1800’s or early 1900’s (Woods 1986) 
as a shade tree around homesteads and dams (Donnelly 1995).  It is thought to have 
originated from tropical South America (Scanlan & Pressland 1984), and has now spread 
and naturalised in many other countries including arid and semi-arid areas of Africa, and 
South Asia (Hocking 1993).  Parkinsonia is a threat to Australia due to its invasiveness of 
other ecosystems.  It has spread throughout the Pilbara, and Kimberley areas in Western 
Australia, and much of the Northern Territory and Queensland.  There are a few isolated 
patches in NSW and Southern Queensland (Deveze 2004). Currently around one million 
hectares of land is infested (Deveze 2004) (Figure 2-2), threatening riparian, wetland and 
upland habitats across northern Australia.   
Parkinsonia is frequently found growing around water sources (creeks, bores, dams and 
river banks) and has adapted to a wide range of soil types (Deveze 2004).   It tolerates a 
wide temperature range from mild frost to temperatures up to 48ºC.  It can survive on a 
mean annual rainfall of 250mm, and tends to become weedy in areas of more than 500mm 
annual rainfall (Hocking 1993). Because of the ability of pods to float, and adaptation to a 
wide range of soil conditions (Donnelly 1995), parkinsonia has the potential to cover more 
than 75% of the mainland (Deveze 2004) (Figure 2-3). 
Parkinsonia is drought tolerant, dropping all its leaflets in dryer periods.  It forms thick stands 
commonly along waterways, bore drains, grasslands and floodplains.  This prevents 
watering of animals, access to and movement of stock, decreases available pasture and 
outcompetes establishment of native vegetation.  Parkinsonia is also known to provide 
habitat for feral animals such as wild pigs (Deveze 2004).   
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Figure 2-2:  Current distribution of parkinsonia (Thorp & Lynch 2000) 
 
 
Figure 2-3: Potential distribution of parkinsonia (Thorp & Lynch 2000) 
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2.2    Current management of parkinsonia 
Parkinsonia is classed as a ‘Weed of National Significance’ (WONS) (Deveze 2004) and is 
declared a Class 2 pest plant in Queensland (Department of Agriculture 2014).  Research 
on its control involves several strategies.  This includes the use of fire, mechanical and 
chemical means as well as grazing management, and biological control with introduced 
organisms.  Importantly these control measures are being investigated in an integrated way. 
For example in the Roper River area (NT) basal bark treatment with herbicides (triclopyr and 
picloram) is being used in combination with biological control (periodic release of seed 
feeding beetles) (Flanagan et al. 1996). The different methods of management are briefly 
discussed below.  
2.2.1 Fire  
Fire may be effective for control of parkinsonia seedlings when sufficient fuel load is present, 
however, mature trees often survive fire treatment, and re-sprout with multiple shoots from 
the base, making follow up treatment more difficult (Donnelly 1995).  Results from research 
indicate that control obtained from fire is variable and depends greatly on the intensity of the 
fire and the season.  The cost and effectiveness of this procedure may not be viable in many 
situations and many factors need to be taken into consideration before fire management is 
used including the social and cultural restraints, safety risks, desire to keep valuable fodder, 
season, fuel load, weather outlook, non-target vegetation presence and surrounding 
infrastructure (Deveze 2004).  
Flaming of individual plants (using a hand held burner on the base of the plant) may be an 
environmentally friendly option for control of woody weeds, particularly in areas where other 
treatments are unsuitable (Vitelli & Madigan 2004).  This method aims to destroy the 
vascular cambium by applying localised heat around the entire base of the plant without 
combusting the plant itself.  Mortality of plants can be increased with a second flaming when 
reshooting occurs (Vitelli & Madigan 2004).  This method is not suitable in dense populations 
or large areas of infestations, limiting its use.  Other considerations for use include the weight 
and number of gas cylinders used for control (Vitelli & Madigan 2004). 
2.2.2 Mechanical 
Mechanical removal of plants is often carried out using a bulldozer, chain pulling, cutter bar 
or blade plough.  Mechanical removal is most effective when the roots are cut off 20-30cm 
below ground and severing off the bud zone (Deveze 2004).  Mechanical control is difficult 
as it is restricted to level areas away from water courses (Donnelly 1995).  It is often not an 
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effective management tool as parkinsonia will re-sprout from dormant shoots (Woods 1986).  
Follow up control is also essential as mechanical control disturbs the seed bed, promoting 
seed germination (Donnelly 1995).  The cost of mechanical control is also a limitation in its 
use with blade ploughing costing an average of $126-156/ha (McKenzie et al. 2004). 
2.2.3 Chemical 
Currently there are a range of herbicides registered for use on parkinsonia in different states 
with a range of application methods (Department of Agriculture 2014).  Some chemicals 
(e.g. triclopyr + picloram) may be effective when applied as a foliar spray to seedlings less 
than 1m high, however on larger plants basal barking (application of the herbicide to the 
base of the plant) is required (Donnelly 1995).  Cut stump spraying is also used (Department 
of Agriculture 2014).  Aerial application is carried out in dense infestations where possible.  
Chemical control is expensive and/or slow with many plants remaining untreated due to their 
inaccessibility, which provides a seed source for re-infestation.  Chemical treatment also 
needs follow up control as plants may re-sprout and/or grow from seed banks (Deveze 
2004).   
2.2.4 Grazing management 
Little research has been carried out on the relationship between the dispersal/mortality of 
parkinsonia in relation to grazing cattle.  However, camels can help reduce the seed bank 
of parkinsonia by selectively browsing the plants, and are used in control of parkinsonia with 
limited success (Deveze 2004). 
2.2.5 Biological Control  
Due to the problems of controlling parkinsonia using conventional means biological control 
is being considered as a possible solution.  Currently three arthropods have been released 
in Australia for control of parkinsonia (Department of Agriculture 2014).  These include the 
mirid Rhinacloa callicrates (date of release unknown) which feeds on the new shoots  of 
parkinsonia, stunting and killing the shoots and flower buds (Flanagan et al. 1996).  Field 
populations of R. callicrates  have become well established although no evidence of shoot 
distortion or necrosis caused by R. callicrates has been found in the field (Donnelly 1995, 
2000) so mass rearing of this insect has stopped (Donnelly 1995).  The seed beetle 
Mimosestes ulkei (date of release unknown), from Arizona and Mexico has also been 
released in Australia.  This beetle destroys the living tissue of parkinsonia seeds.  The 
bruchid seed beetle Penthobruchus germaini from Argentina  and Chile was also introduced 
for mass rearing in 1990 and released in 1995 (Flanagan et al. 1996; Briano et al. 2002). 
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None of these insects have had significant effect on parkinsonia populations due to factors 
such as unsuitable climate, or natural predators which have reduced the populations.  
CSIRO (Commonwealth Scientific and Industrial Research Organisation) is currently 
carrying out surveys in Central America for potential new biological control agents through 
its biological control research programs.   
2.2.5.1 Native Organisms 
Parkinsonia is generally free of native predators in Australia.  Some species that cause 
minimal damage include the giant termite (Mastotermes darwiniensis), seven species of 
stem sucking bugs, stem borers, two pod and seed feeders, two species of grasshoppers, 
a case moth caterpillar that chews leaves, and mealy bug (Deveze et al. 2004; van Klinken 
& Heard 2012). 
2.3    Fungi recorded on Parkinsonia aculeata 
Research in India by Udaiyan & Hosagoudar  (1993) found that powdery mildew fungi from 
the genus Oidium (Link) infect parkinsonia.  Eleven seed borne fungi were also detected by 
Sahu and Agarwal (2002a).  These included:  Alternaria alternata, Alternaria tennuissima, 
Aspergillus fumigatus, Aspergillus niger, Curvularia lunata, Fusarium equiseti, Fusarium 
longipes, Fusarium pallidorseum, Fusarium sp., Penicillium aurantiogrisium and Phoma sp.  
In another study Sahu and Agarwal (2002b) also found Aspergillus flavus, Paecilomyces 
variotii, Penicillium pinophilum, Rhizoctonia solani and Rhizopus stolonifer isolated from the 
seeds of parkinsonia.  From the literature available, there is no indication that any of the 
pathogens mentioned are capable of causing dieback or similar disorders in parkinsonia.  
Studies assessing the range of endophytes associated with parkinsonia dieback found 
differencing community structures when comparing the endophytes in dieback affected 
plants to those showing no symptoms (Steinrucken et al. 2015a).  However this study did 
not identify any species, or determine the relationship between these organisms and 
dieback. 
2.4    Biological control  
Biological control can be defined as ‘the action of parasites, predators and pathogens in 
maintaining another organism’s density at a lower average than would occur in their 
absence’ (DeBach 1964).  The use of biological control for the management of weeds does 
not aim to eradicate the weed, but to reduce the population to a level that is more 
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manageable. This is usually used in an integrated approach, combining other control 
measures.  The use of biological control is considered to be a cost effective, self-spreading, 
environmentally safe means of weed management. The use of native organisms for 
biological control can be approached in a number of different ways.  These approaches may 
be inoculative (classical), broad spectrum, conservative or inundative/augmentative (Briese 
2000).  These different approaches will be briefly discussed.   
2.4.1 Inoculative (classical approach) 
Classical biological control aims to release introduced natural enemies that once established 
in the field require no further input.  This involves releasing the pathogen into small areas of 
the weed infestation and allowing it to spread on its own accord (Charudattan 1988).  The 
process of release occurs through a standardised procedure, involving host testing, rearing 
and release followed by careful monitoring and evaluation.  This method does not aim to 
eradicate the weed, but rather to reduce the weed to a population that does not cause 
economic damage (Briese 2000).   
Total eradication of the weed from an area is not desirable with this method as the plant is 
likely to survive in a dormant stage (e.g. seeds).  Eradication would lead to extinction of the 
natural enemy, resulting in reinfestation of the weed from the seed source.  Advantages of 
using this method include environmental benefits, such as specific targeting of the weed, 
and the absence of residual effects (e.g. chemical residue).  This strategy has high economic 
benefits once established.  This technique is usually preferred for weeds that are distributed 
over vast areas that have low economic value (e.g. grazing areas).  It is a slow means of 
control as it relies on a gradual increase in the biological control agent, but is relatively low 
cost (Charudattan 1988).    
Due to the high cost of controlling weeds, weeds of waterways, rangelands and ‘undisturbed’ 
areas are most suited to the inoculative approach.  This is also because there is no need for 
‘immediate’ control as in a cropping system.  However examples such as managing water 
hyacinth with Cercospora rodmanii indicate that due to public expectation of quick and total 
control as well as the fast growth rate of the host, the inundative approach may be necessary 
for some of these situations. 
2.4.2 Inundative approach 
The most common approach to biological control of weeds involving the use of plant 
pathogens (mainly fungi) falls under the classification of inundative biological control 
(Quimby et al. 2003).  This approach normally requires a number of repeated applications 
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of the pathogen over a number of years using either exotic or indigenous pathogens (McRae 
& Auld 2000).  Bioherbicides/mycoherbicides are examples of the use of this method 
(McRae & Auld 2000) as inundative agents are generally manufactured, formulated, 
standardized and packaged.  They are then sold as a registered herbicide and are generally 
applied to the weed using conventional chemical application tools (Charudattan 1988).  This 
approach uses the tactic that by applying mass doses of inoculum to a weed population, an 
artificial epidemic will almost immediately occur.  Large doses must be used to ensure the 
plant’s level of tolerance to infection is overcome.  Large doses of inoculum ensure that the 
number of infection cycles can be maximised and advantage can be taken of the time when 
ideal environmental factors are met for infection (Charudattan 1988).   
Quimby et al. (2003) has identified steps that need to be undertaken to fully identify a 
pathogen to be used in this approach.  These include completing Koch’s postulates 
(inducing the plant disease, then re-isolating the same micro-organism from the diseased 
tissue).  Additional research then needs to be undertaken into biology of the pathogen such 
as the requirements for germination and infection, temperature requirements, susceptibility 
of the weed to the pathogen in different stages of growth and host range.  
The success of a pathogen as a biological control agent for a weed species depends on the 
ability of the pathogen to establish and sustain infection over a long period of time (TeBeest 
1991).  Other factors that influence the success of the pathogen also need to be considered.  
These include the virulence of the strain, its host specificity, and its longevity in the field 
(Wilson & McCaffrey 1999).  Once this is fully understood, research needs to be undertaken 
in the area of formulation and application.  The inundative approach  is preferred in many 
situations as it is possible to time the application of the pathogen to a season when the weed 
is most susceptible to attack, or to manipulate the environment (e.g. by using surfactants) 
to provide these conditions (Charudattan 1988).   
2.4.3 Other approaches 
Apart from inoculative and inundative biological control, there are other approaches which 
are less common in weed management.  These are the augmentative method which aims 
to inoculate weeds with inoculum from naturally infected plants (Charudattan 1988),  the 
broad spectrum approach which uses polyphagous herbivores to manage weeds, or 
conservative control which aims to manage a population of existing natural enemies of a 
weed (Briese 2000).   
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2.4.4 Economic Impact of biological control 
An economic impact assessment  of biological control of Australian weeds concluded that 
for an average investment of $4.3 million/year since 1903, there has been an average return 
of $95.3 million/year (Page & Lacey 2006).  This has been analysed to show that every $1 
invested returns $17.40 to agriculture (savings in control and increase in production), $3.80 
to society (health benefits) and $1.90 to government (savings in cost of control).  Weeds 
controlled with plant pathogens such as skeleton weed (Chondrilla juncea L.) and rubber 
vine (Cryptostegia grandiflora R. Br.) have given a benefit cost ration of 112:1 and 108:1 
(Page & Lacey 2006).   
2.4.5 Limitations of biological control 
Limitations to the implementation of biological control include the weeds suitability to 
biological control (such as threshold levels, closely related plants that may be affected by 
the biological control agent), high costs of initial processes (especially in classical biological 
control), such as exploration for agents, quarantine testing (Briese 2000).  The time taken 
for biological control to have an impact is another limitation.  Seed banks may be unaffected, 
and the lack of movement of the control agent from one host population to another may limit 
its application.  Other limitations include the need for a long term period for effective 
establishment, and the possibility that the effects will not be immediate and possibly not 
adequate (Wilson & McCaffrey 1999).  Public expectation of quick and total control may also 
not be met with biological control systems (Charudattan 1988).  Other problems may include 
incompatibility with chemical pesticides, host specificity, economic constraints and efficacy 
(Charudattan 1988). 
2.4.6 Biological control using endemic pathogens 
There are limited examples of the use of endemic pathogens for biological control of weeds.  
The use of Sclerotinia sclerotiorum for management of bitou bush (Chrysanthemoides 
monilifera (L.) Norlindh) in Australia has been studied.  Bitou bush displays signs of dieback 
on the east coast of Australia where it is considered an invasive weed. This dieback was 
studied as a potential for biological control by Cother et al. (1996b).  Plants were sampled 
systematically in spring and autumn.  Dieback lesions, leaf lesions and symptomless tissue 
were sampled from bushes at random from 31 sites.  Six hundred samples collected over 4 
seasons resulted in 2535 isolates of fungi from 55 taxa.  Although a number of fungi were 
repeatedly associated with the lesions (Stemphylium, Phomopsis, Fusarium, Alternaria, 
Phoma and Botryosphaeria) (Cother et al. 1996a) none proved pathogenic, indicating that 
dieback in bitou bush may be caused by a disease complex.   
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During the study Sclerotinia sclerotiorum was observed to cause more aggressive dieback 
but no surrounding vegetation appeared to be infected by this pathogen.  When S. 
sclerotiorum was reapplied to healthy bitou bush plants as mycelial fragments plants were 
killed after 12-20 days (Cother et al. 1996b).  Screening of selected species of coastal flora 
was carried out to determine the pathogenicity to other host plants.  One Carpobrotus sp. 
plant died after showing symptoms of infection.  In the field no other plants in close proximity 
to bitou bush with symptoms of infection showed signs of infection (Cother 2000). However, 
the perceived risks of using a pathogen with a wide host range halted further development 
of S. sclerotiorum as a bioherbicide (Morin et al. 1996).  Further assessment of bitou bush 
displaying signs of disease found Hendersonia osteosperm (Austropleospora osteospermi) 
causing severe necrosis on leaves and stems.  However, following inoculation with a dense 
spore suspension no girdling stem lesions, stem dieback symptoms or plant mortality was 
observed, so this was considered unsuitable as a biocontrol agent (Morin et al. 2010).  
Surveys in New Zealand assessing endemic plant pathogens associated with weed 
infestations of Berberis spp. (barberry) for biocontrol potential found 508 fungal isolates from 
532 specimens, with 21 fungal species identified.  Of these Colletotrichum gloeosporioides, 
C. acutatum, Pestalotiopsis sp., Phomopsis sp. and Sclerotinia sclerotiorum were 
associated with disease symptoms.  Further research into the use of Colletotrichum 
gloeosporioides, Phomopsis sp. and Sclerotinia sclerotiorum as inundative biocontrol 
agents was proposed (Waipara et al. 2005).   
The use of Botryosphaeria ribis (an endemic pathogen of Melaleuca quinquenervia (Cav.) 
S.T.Blake in Florida) was investigated as a potential biological control agent.  Melaleuca 
quinquenervia is a serious weed in Florida, and currently the methods of control are 
expensive or considered environmentally inappropriate (Rayachhetry et al. 1996b).  In a 
series of experiments Rayachhetry (1996b) wounded plants by drilling holes in the stem and 
inoculating them with hyphal suspensions of B. ribis.  Control plants were also drilled, but 
the holes were filled with sterile water.  Parafilm® was then wrapped around the wounds.  
Stems inoculated with B. ribis formed callus around the wound indicating possible healing, 
however sapwood discoloration extended beyond the callus ridges.  This was not apparent 
in the control treatments.  
In another experiment plants were exposed to different stresses:  drought stress, cold stress 
and complete manual defoliation followed by inoculation with B. ribis.  These plants were 
inoculated in the same manner as discussed but were observed to form no visible or very 
slight callus.  Stress caused the sapwood to become discoloured relatively quickly and a 
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depression was formed on the stem surface.  However there were no plants exposed to 
these stresses that were similarly wounded and not inoculated, so it is unclear if this is a 
direct response to the inoculation of B. ribis or other possible factors such as other 
pathogens (Rayachhetry et al. 1996b).  In another study it was found that there was no 
difference in inoculation effectiveness if spores or hyphae were the source of inoculum.  The 
same study showed a weak relationship between canker length and the diameter of the 
stem at point of inoculation (Rayachhetry 1995).  This indicates that this method of 
inoculation may be suitable for the application of fungal organisms to parkinsonia. 
The assessment of dieback in Vachellia nilotica subsp. indica (Benth.) Kyal. & Boatwr in 
northern Australia found a range of fungi including Cophinforma species and Lasiodiplodia 
theobromae, associated with the dieback disorder, and offers potential for biological control 
following further studies (Haque 2015).  Similar findings were established in studies of 
Mimosa pigra L. affected by dieback across the Northern Territory, Australia (Sacdalan 
2015).  Several species of Lasiodiplodia were determined to be pathogenic to seedlings, 
and showed aggressiveness to juvenile and adult plants.  This supports previous studies by 
Wilson and Pitkethley (1992).  Further research into the relationship between their host plant 
and stress is required to gain a full understanding of the dieback phenomenon and their 
potential as biocontrol agents. 
2.4.7 Formation of inoculum for biological control 
The formulation of the pathogen used in biological control is important to create an effective 
agent (Sands et al. 1996).  Different forms of inoculum need to be considered to maximise 
the chance of disease developing in plants under field conditions, while maintaining flexibility 
in the timing of the application.  An effective formulation is the key to successful use of such 
products (Connick et al. 1990).  The following section will discuss the different formulations 
of pathogens used in biological control including spore suspensions, solid medium (grain, 
straw, granules) and capsules. 
Spore suspensions 
Spore suspensions are a cheap and easy method of producing inoculum for biological 
control.  The anthracnose pathogen (Colletotrichum orbiculare) has been used to control 
Bathurst burr (Xanthium spinosum L.) using a spore suspension. However, problems with 
this arose as artificial inoculation with spores needs to be carried out when conditions are 
cloudy and showery as there is no survival means for the pathogen.  The use of a spore 
suspension on its own does not provide a food source for the pathogen to survive on until 
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conditions are favourable for infection, limiting the timing of application (Klein 1992).  This 
may be overcome by using solid mediums for inoculation. 
Solid medium 
Grain/straw 
Unlike chemical pesticides biological control agents are living organisms which need the 
correct conditions for infection to occur and be successful (Connick et al. 1990).  The use of 
solid media may provide a food source which the pathogen can survive saprophytically for 
a period of time until conditions are right for infection.  
A relatively simple and cost effective method of producing inoculum is to grow the pathogen 
on sterile grain or straw in flasks, this makes dispersal relatively simple and accurate 
(Boyette et al. 1991).  Cultures grown on grain resulted in greater establishment of 
anthracnose on Bathurst burr than using a spore suspension due to the fungus naturally 
surviving in the grain residue (Klein 1992).  Colletotrichum gloeosporioides grown on wheat 
bran used to control Hakea sericea Schrad. & J.C.Wendl was observed to retain viability for 
up to 16 days when exposed to direct sunlight (Klein 1992), providing a wider period for 
infection to occur in environmentally suitable conditions.   
Fusarium oxysporum is being evaluated as a biological agent to control the parasitic plant 
Striga hermonthica (Delile) Benth. in West Africa.  Pure cultures are grown on sterile moist 
sorghum straw and incorporated into the soil as an effective tool in controlling striga which 
parasitises sorghum (Ciotola et al. 1996).  This study found that F. oxysporum can be grown 
on moist sorghum straw in flasks for 7 days, dried and stored in the dark for up to 18 months 
while maintaining viability.  As little as 0.04g can then be added to moist sorghum straw to 
produce fresh inoculum (Ciotola et al. 1996).  The use of Fusarium nygami for biological 
control of striga has also been studied by Sauerborn et al. (1996).  Sorghum seeds were 
hydrated in water overnight, excess water was poured off and the seeds were sterilised in a 
heated oven for one hour (temperature not given).  Seeds were cooled in a sealed container 
for 18hr and then inoculated with spores of F. nygami.  The container was incubated at room 
temperature for 14 days.  The inoculum produced was then further processed with a variety 
of methods suited to application as a pre planting soil treatment.   
Incorporation of inoculum into the soil has major advantages over foliar application (Diarra 
et al. 1996).  This method reduces the exposure of inoculum to temperature fluctuations as 
well as other factors which reduce the viability such as UV light.  The substrate used to grow 
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the inoculum should ideally provide an adequate food source to the fungus for growth and 
sporulation, should be cheap and require minimal preparation before being used in the field 
(Diarra et al. 1996).  The use of soil incorporated fungi may also be favoured as the fungus 
may also attack the seeds and germinating seedlings, surviving in the soil at levels sufficient 
to control new infestations of the weed (Sauerborn et al. 1996).  
Production of granules  
Another method which is used in formulation of mycoherbicides is a pasta like formulation.  
‘Pesta’ involves incorporating the fungal propagules into a wheat gluten matrix.  
Encapsulation of the micro-organism into a solid matrix protects against rapid desiccation, 
may offer protection against competition from other organisms and from adverse 
environmental conditions (Connick et al. 1990).   
This method has been tested using a number of different pathogens including Fusarium 
lateritium, Colletotrichum truncatum and Alternaria crassa (Connick et al. 1991). The use of 
semolina and kaolin clay blended with the addition of homogenised fungal biomass (grown 
on liquid medium).  The dough was put through a pasta maker several times until it was 1.0-
1.1mm thick and laid on an elevated polyester window screen to dry, until it broke crisply.  
The sheets were then ground using a hand operated grinder (Connick et al. 1991).  
Inoculation of target weeds proved successful in initiating infection with recovery of fungi 
from granules 18 months later in C. truncatum and A. crassa treatments.  Fusarium lateritium 
was reisolated, but at lower rates and proved no longer pathogenic towards treated weeds 
(Connick et al. 1991).  
Similar trials were conducted testing the production of granules from fungi grown on solid 
state fermentation rather than a liquid medium. A higher level of viability of a number of 
pathogens was gained using this method. Colletotrichum truncatum, Alternaria sp., 
Paecilomyces fumosoroseus, Aspergillus flavus and Aspergillus parasiticus were grown on 
rice flower and then mixed with wheat flour, kaolin, and water and extruded into granules 
(Daigle et al. 1998).  The use of wheat flour provides a source of nutrition for the fungus, 
many other fillers and additives can be used instead such as corn grits, vermiculite, peat 
moss, glycerol and sucrose.  This may also be processed into different shapes (rather than 
grinding) to suit the situation.  When the Pesta was ground it was found that granules of 
approximately 14-18 mesh (holes/inch2) and 18-30 mesh gave higher infection than the finer 
particles.  This may indicate that grinding damaged the particles especially at the smaller 
sizes (Daigle et al. 1998).   
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Another method called ‘Stabileze’ has been developed by Quimby et al. (1999), This is a 
simple method which stabilises fungi and produces granules which can be incorporated into 
soil.  A water absorbent starch and unrefined corn oil are mixed, sterilised and a crude fungal 
suspension added.  Once all liquid was absorbed sucrose was added followed by hydrated 
silica.  Small crumbs formed and the mixture was allowed to dry for 48 hours.  The mix was 
the passed through a series of sieves.  Further research is needed on this method to 
eliminate the oil due to the rancidity of this ingredient.  Research may also be conducted on 
whether the addition of antioxidants may improve this product (Quimby et al. 1999).   
Sodium alginate granules can be produced by dripping a homogenate of equal parts fungal 
mycelium, distilled water, sodium alginate and kaolin clay into a solution of 0.25 M CaCl2.  
Spherical granules (3-4 mm in diameter) form when the mix comes into contact with the 
CaCl2 solution.  The granules are collected, rinsed in distilled water, air dried and stored at 
4ºC (Boyette & Walker 1985).  Walker and Connick (1983) have also performed research 
on this type of formulation including the use of a pycnidium forming fungi (Phyllosticta sp.).  
These granules were formed using similar methods as discussed, however an apparatus 
was used for dropping the mixture into the CaCl2 solution to ensure the production of uniform 
pellets.  If pellets were not dried immediately after pelletisation, the likelihood of bacterial 
contamination was increased greatly.  The use of this method appears to be well suited to 
pycnidium forming fungi, as numerous pycnidia were produced on the surface of the pellets.  
These structures help protect the conidia from adverse environmental conditions in the field 
(Walker & Connick 1983).  
Alginate-silica formulations also have been used to stabilise Fusarium oxysporum and 
Fusarium arthrosporioides.  This involves formulating granules as described for sodium 
alginate granules, then processing these granules with unrefined corn oil and silica 
(Amsellem et al. 1999).  This material was air dried and sieved as described previously.  
However when this method was compared to the ‘Stabileze’ method described earlier it 
resulted in lower viability (Amsellem et al. 1999).  When the ‘Stabileze’ method was used, 
the use of mycelial fragments with conidia gave a higher and longer viability than the use of 
washed conidia when preparing this formulation.  Amsellem et al. (1999) speculated that 
this may be because the mycelia stabilised the viability of the conidia, or the drying and 
stabilizing with the formulation gave the mycelia greater viability than the conidia, or the 
formulations damaged the conidia but not the hyphae. 
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Other methods 
The use of capsules to encase inoculum has been used for evaluating the use of 
Botryosphaeria ribis as a potential biological control agent for Melaleuca quinquenervia 
(Rayachhetry 1995; Rayachhetry et al. 1999).  This method involves growing cultures on 
PDA (Potato Dextrose Agar) for 3 days at 25ºC.  Disks were then removed from these 
cultures and macerated in sterile water.  Three drops of this suspension was added to 
200mL of potato dextrose broth and shaken for 4 days at 100rpm.  Mycelia was aseptically 
harvested, blended and a 40% mycelial suspension was produced using sterile water.  The 
suspension was placed in ARBOR™ plastic capsules to allow for easy application to a drilled 
hole in the tree.  These capsules were removed from the trees after 12 weeks.  This proved 
to be a successful method for inoculation of B. ribis on Melaleuca quinquenervia causing 
cankers on inoculated stems.  The largest cankers were formed in plants inoculated at the 
mid-section of the stem, compared to the inoculation at the root collar or stem apex 
(Rayachhetry 1995). 
2.5    The dieback disorder 
2.5.1 Enemy release hypothesis 
The invasive nature of parkinsonia may be explained by the enemy release hypothesis.  This 
theory suggests that non-indigenous species, once released from their natural enemies are 
able to proliferate in individual size, population abundance or tendency to displace native 
species (Colautti et al. 2004).  It has however been argued that the effect of native enemies 
in the introduced range is greater on non-indigenous species than its own natural enemies 
in its native range (Colautti et al. 2004). This theory supports the concept that pathogen 
induced dieback is responsible for the observed decline in parkinsonia populations in some 
areas. 
2.5.2 Predisposition to dieback 
Predisposition can be defined as the ‘tendency of non-genetic factors, acting prior to 
infection, to affect the susceptibility of plants to disease’ (Schoeneweiss 1975).  Higher 
plants are generally resistant to attack by most microorganisms (Schoeneweiss 1975).  
When a physical barrier or chemical barrier does not prevent entry to the plant, many 
microorganisms enter the plant whether it is resistant or susceptible.  Infection then depends 
on environmental factors, and the response of the plant to the pathogen and its metabolites 
(Schoeneweiss 1975).   
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Stress can be defined as ‘any environmental factor capable of inducing a potentially injurious 
strain in living organisms’ (Levitt 1972).  Stress may influence infection in a number of ways; 
it may affect the pathogen, the host or the pathogen-host interaction.  Predisposition only 
concerns the stress applied to the host, however it may be difficult to distinguish between 
stresses on the host or pathogen-host interaction.   
Both biotic and abiotic factors play role in a plants susceptibility to disease caused by fungal 
pathogens.  Plants that may usually resist attack by certain pathogens can become 
susceptible when placed under certain conditions.  Stresses generally considered to 
predispose a plant to attack by disease include drought, flooding, freezing, defoliation and 
transplanting ‘shock’ (Schoeneweiss 1975).  Due to the climatic zones where parkinsonia is 
generally found, and the surrounding environment, only water stress will be discussed 
further.  
2.5.3 Influence of water stress 
Water stress as a factor in a plants’ susceptibility to disease is widely researched and there 
is general agreement that colonization by pathogens is enhanced when plants are placed 
under this stress (Schoeneweiss 1983; Jacobi & Riffle 1989; Ragazzi et al. 1999; Ma et al. 
2001; Stanoz et al. 2001), although the underlying mechanisms are not well understood 
(Stanoz et al. 2001).   
Rapid disease development may be explained by the occurrence of drought stress on a host 
plant.  The pathogen may latently display disease symptoms until a change in the plant 
occurs (Stanoz et al. 2001).  There are differing theories as to why drought stress may play 
a role the susceptibility to attack by disease.  Some of these include bark moisture content 
falling below a critical level (Hodges & Lorio 1969), an increase in sugars and decrease in 
starch in the inner bark causing susceptibility (Schoeneweiss 1978), or certain pathogens 
favouring  lower osmotic water potentials (Jacobi & Riffle 1989).  Following trials on the 
predisposition of melaleuca to invasion by B. ribis, Rayachhetry et al. (1996a) theorised that 
drought stress may reduce the ability of plants to produce pathogen-inhibiting chemicals, 
thus allowing fungal growth. 
Schoeneweiss (1983) carried out trials subjecting Picea pungens Engelm. (blue spruce) to 
drought stress by withholding watering from potted plants.  Plant water potentials were 
measured and after 14 days plants were inoculated with Cytospora kunzei (a stem canker 
fungus).  Inoculation was conducted by drilling a horizontal hole in the plant stem 8, 16 and 
24cm above soil level and injecting liquid inoculum into this wound.  The drill holes were 
  
23 
then wrapped with Tefflon tape to prevent drying out.  Plants were then placed under 
equilibrium conditions for 48 hours, then incubated for a further 7 days.  All plants subjected 
to drought stress formed cankers, compared to the controls that showed no sign of disease.  
Plants were also subjected to freezing stress, however this did not induce any cankers in 
any of the treatments (Stanoz et al. 2001).   
Stanoz et al. (2001) conducted trials on 2 year old Pinus resinosa Sol. ex Aiton (red pine) 
seedlings using 6 different watering regimes to determine if a change in physiology of the 
plant would induced infection by a latent pathogen Sphaeropsis sapinea.  Plants were never 
artificially inoculated with S. sapinea, however seedlings under the drier regimes had higher 
mortality rates and S. sapinea was isolated more frequently from these plants (both living 
and dead).  Stanoz et al. (2001) speculates that the latency of a pathogen in a plant helps 
explain rapid disease development under stressed conditions. 
Botryosphaeria dothidea is found on a large range of host plants, but it is believed to only 
cause serious damage to plants that have been weakened by environmental or other 
stresses.  Many different plants have been studied and it was found that drought stress was 
a major factor in a plants susceptibility to attack by B. dothidea (Schoeneweiss 1975; Pusey 
1989; Ma et al. 2001).  Studies have also been carried out on the influence of water stress 
on peach trees and their susceptibility to this pathogen.  The time between inoculation with 
B. dothidea and symptom expression varied between 2 weeks and 2 months  (Pusey et al. 
1986).  Studies show that this is likely to be due to the environment and tree vigour/stress 
(Pusey 1989).  Studies by Pusey (1989) showed that stress only played a role in infection 
by B. dothidea when applied after inoculation.  Stress at the time of inoculation had no role 
in disease development.  This contradicts other studies on this pathogen with other hosts 
(Schoeneweiss 1978; Ma et al. 2001). 
Trials assessing the effect of water stress (both drought and inundation) on parkinsonia and 
disease development following inoculation by Pestalotiopsis mangiferae, P. clavispora, 
Lasiodiplodia pseudotheobromae and Botryosphaeria dothidea suggested dieback in 
parkinsonia is associated with an interaction between plant water stress and colonisation by 
fungal pathogens  (Steinrucken et al. 2015b). 
2.5.4 Interactions between dieback and wounding 
2.5.4.1 Mechanical 
Fusarium tumidum and Chondrostereum purpureum have been studied as potential 
bioherbicides for gorse (Ulex europaeus L.) in New Zealand (Bourdôt et al. 2006).  This 
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study involved severing stems and applying inoculum to the fresh wounds.  When C. 
purpureum was applied to ‘whole’ plants there was no effect on the plant, however when 
applied to severed stems, infection occurred and significantly reduced the number of shoots 
and overall stump survival.  Fusarium tumidum spores were applied to stems with an oil 
formulation to assist in keeping the conditions for germination favourable.  There was no 
effect on ‘whole’ plants, however the number of shoots in the cut stem treatment were 
reduced (Bourdôt et al. 2006).   
2.5.4.2 Herbicide 
The use of herbicides with plant pathogens to control weeds may reduce the amount of 
herbicide required, thus reducing harmful effects on the environment and non-target plants 
(Christy et al. 1993).  This combination may also enhance the performance of the biological 
control agent by weakening or stressing the plant, impeding its resistance to the pathogen 
making it more susceptible to attack by pathogens (Christy et al. 1993).  An example of this 
method is the use of glyphosate to promote infection of soybean by Phytophthora 
megasperma f. sp. glycinea which otherwise would not affect soybean.   
Rayachhetry et al. (1996b) found that infection of melaleuca by potential biocontrol agent B. 
ribis is enhanced by plant stress.  This study showed that mixing glyphosate (rates of 7, 32 
or 65mg ai/mL) or imazapyr (rates of 2, 12 or 24mg ai/mL) with PDA reduces growth of the 
B. ribis hyphae. With an increase in herbicide concentration resulting in reduced hyphal 
growth.  At time of tank mixing imazapyr with B. ribis the viability of the pathogen was not 
reduced.  At 12 and 24 hours inoculum viability was not reduced in the lower concentrations 
of imazapyr, however was significantly reduced in the tank mixes with higher concentrations 
of the herbicide.  Glyphosate reduced viability even at the lowest rates of concentration.  
2.5.5 Dieback in woody plants 
Infection by pathogens causing disease in plants is governed by an interaction of the host, 
the pathogen and the environment (Agrios 1997).  In forest stands of mixed species not all 
species may be affected, this often is due to host specific stresses, not only host specific 
pathogens (Housten 1992). 
Forest diebacks of many species of trees have become a major problem in Australian 
landscapes (Jurskis 2005), many of these are associated with pathogens such as 
Phytophthora cinnamomi  and Armillaria.  Infection by P. cinnamomi occurs on the roots of 
the plant by motile spores (zoospores) (Hardham 2005).  Zoospores are attracted to root 
tips, subterranean stomata or any other fresh wounds causing initial infection (Abell & Gadek 
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2003).  Primary symptoms of infection include a reduction in root relative water content, leaf 
water potential and transpiration.  Secondary symptoms caused by infection include 
chlorosis, wilting and death of foliage, resulting ultimately in dieback of the canopy (Abell & 
Gadek 2003).  When the infected roots decay, resting spores (chlamydospores) are 
released into the soil, which are then transported through the movement of soil and water, 
establishing new areas of infection.  Movement of P. cinnamomi though forest stands has 
been documented to have largely been by earthmoving and logging equipment (Bird et al. 
1974). 
Fusarium species also causes dieback in woody plants (e.g. pines) (Dwinell et al. 1981).  
Fusarium produces chlamydospores, enabling it to survive in the soil for long periods of 
time.  Propagules may reach a population through washing of conidia off plants by rain, into 
the soil, which in turn is then washed on to other populations (Smith et al. 1981).  Pitch 
canker of Pines in the Southern areas of the United States have been found to be caused 
by Fusarium moniliforme var. subglutinans this produces cankers in the branches, which in 
turn girdle the plants stem, causing symptoms of dieback.  This is a soil borne pathogen, 
spreading though soil movement as well as wind-borne dust containing the canker pathogen 
(Smith et al. 1981). 
Shoot dieback has been observed in India on Acacia melanoxylon R.Br.  This was 
determined to be caused by Fusarium semitectum Berk and Rav.  The pathogen caused the 
phyllodes to yellow, which was followed by browning of the petioles and stems of the young 
branches.  The phyllodes then become desiccated and defoliated.  Discoloration of the 
internal tissue of affected stems was also evident (Mohanan & Sharma 1988).  Phoma 
sorghina (Sacc.) Boerema was also recorded on acacia plants, however it caused a foliar 
spot rather than dieback. 
2.5.6 Dieback in woody weeds 
Dieback in woody weeds in Australia is a recent area of study, with focus on assessing 
causal agents as potential biocontrol agents.  Recent and current research in this area 
includes studies on Parkinsonia aculeata (Toh 2009), Mimosa pigra (Wilson & Pitkethley 
1992; Sacdalan 2015), Vachellia nilotica (Haque 2015), Tamarix aphylla (L.) Karst. (Drugyel 
2009), Chrysanthemoides monilifera (Cother et al. 1996a, 1996b; Cother 2000), and Rubus 
anglocandicans A.Newton (Aghighi et al. 2012; Aghighi et al. 2014). 
Vachellia nilotica (L.) P.J.H.Hurter & Mabb. (synonym Acacia nilotica) seedlings have been 
found to be susceptible to dieback caused by Fusarium lateritium f. sp acaciae f. sp. nov. in 
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India (Uninal et al. 2004).  Pathogenicity testing was done by growing the fungus on PDA.  
Slits were cut in the plant using a sterile scalpel, and the fungal mycelium was placed over 
the slit.  The inoculum was then wrapped in a moist cotton pad and wrapped in cellophane 
tape.  Isolations were made after symptoms began to show to confirm Koch’s postulates.  
Symptoms that developed showed a definite canker at the infection site, and disease 
progressed from the bottom of the plant upwards.  Cankers eventually girdled the plant 
which caused dieback symptoms, eventually killing the plant.  The progress of the canker 
could be observed in the phloem and xylem, which appeared to be blocked and killed (Uninal 
et al. 2004).  Further studies investigating the cause of dieback in adult V. nilotica plants 
found symptoms of ashy internal staining, defoliation, blackening of shoot tips and 
widespread plant mortality to be related to the presence of Botryosphaeriaceae fungi, 
particularly Cophinforma sp. (Haque 2015).  Internal inoculation of Cophinforma sp. and 
Lasiodiplodia pseudotheobromae was effective in producing stem lesions.  Relationships 
between water stress and disease expression suggested that this is a complex interaction 
with further studies required to comprehend these plant-fungi-disease interactions (Haque 
2015).  
Botryosphaeriaceae fungi have also been found to be related to dieback in Mimosa pigra, 
with studies confirming their ability to kill seedlings (Sacdalan 2015).  Aggressiveness of 
Lasiodiplodia species towards juvenile and adult plants was also confirmed through 
glasshouse and field trials (Sacdalan 2015).  This is consistent with research by Wilson and 
Pitkethley (1992) that isolated Botyrodiplodia theobromae (=Lasiodiplodia theobromae) from 
dieback affected lesions.   
These studies all indicate potential for the use of endemic dieback fungi as biological control 
agents in woody weeds.   
2.5.7 Endophytes and disease expression 
Endophytes are organisms that internally colonise living plant tissue without causing 
symptoms of disease (Delaye et al. 2013), varying in symbiotic and ecological functions 
(Rodriguez et al. 2009).  They have been found in almost all plant species on earth, from 
the artic to the tropics (Bird et al. 1974; Arnold et al. 2001) and play a role in determining the 
survival and fitness of plants in terrestrial ecosystems and so in turn impact plant 
biogeography, evolution and the community species structure within an ecosystem 
(Saikkonen et al. 1998; Rodriguez et al. 2009).  Endophytes have been found to have an 
association with parkinsonia dieback (Steinrucken et al. 2015a), however their role in this 
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phenomenon is not understood.  The role of endophytes in other species has been 
determined to have an impact on host plant fitness, with the impact on infection varying 
depending on the abiotic and biotic environment (Clay 1993).  However, this relationship 
may change throughout the life history of the organisms ranging from facultatively saprobic, 
parasitic, exploitive, to mutualistic (Schulz & Boyle 2005; Delaye et al. 2013).   
Studies of endophytic fungi in Arabidopsis thaliana (L.) Heynh. demonstrated a balance 
between fungal virulence and host defence in determining the relationship of the fungi plant 
interaction as either endophytes or pathogens (Junker et al. 2012).  This study also gave 
evidence suggesting the range of endophyte species found in the exact same location in 2 
consecutive years varies, most likely due to a difference in precipitation.  Similar findings 
resulted from studies on endophytes isolated from cultivated cotton (Gossypium hirsutum 
L.) which showed no patterns in community structure when comparing regions, time of 
season or type of tissue sampled (Ek-Ramos et al. 2013).  Arnold et al. (2001) proposed 
that factors such as age of material, seasonal and temporal variation and size of isolation 
unit are also all important variables will affect the diversity of species recovered.  This 
suggests that current sampling efforts in recognising endophytes associated with 
parkinsonia dieback may not be a complete reflection of associated species and of their role 
in the dieback phenomenon. 
2.6    Summary 
Parkinsonia is a threat to our rangelands, forming thickets, particularly along flood prone 
areas.  Parkinsonia may be an ideal candidate for biological control due to constraints such 
as labour requirements, cost and environmental concerns associated with mechanical and 
chemical control.  The use of insects as biological control agents has been trialled in 
Australia; however none of these agents have had a significant impact.  Dieback observed 
in parkinsonia, potentially by fungal pathogens is a promising candidate as a biological 
control agent using the inoculative approach.  The widespread distribution, and high costs 
associated with control of parkinsonia makes this an ideal candidate for biological control.   
There is a lack of information on the use of endemically occurring pathogens as biological 
control agents for weeds, indicating that this area of research is relatively unexplored.  
Information on interactions of fungal biological control agents with herbicides, wounding and 
insects is also limited.  Literature indicates that water stress plays a large role in predisposing 
plants to attack by pathogens, however the mechanisms involved in this are not well 
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understood.  Due to the climatic areas in which parkinsonia is generally found, this may be 
a predisposing factor to attack by the dieback pathogen/s.  The appropriate formulation of a 
fungal biological control agent is essential to provide ease of application and success, and 
this has been extensively discussed in the literature review, indicating that the use of solid 
media is likely to be favourable for successful field inoculation.   
2.7    References 
 
Abell, S & Gadek, P 2003, 'Identification and distribution of Phytophthora species and 
genetic population structure of Phytophthora cinnamomi', in PA Gadek & S Worboys (eds), 
Rainforest Dieback Mapping and Assessment, Cooperative Research Centre for Tropical 
Rainforest Ecology and Management, Cairns. 
 
Aghighi, S, Fontanini, L, Yeoh, PB, Hardy, GES, Burgess, TI & Scott, JK 2014, 'A conceptual 
model to describe the decline of European blackberry (Rubus anglocandicans), A Weed of 
National Significance in Australia', Plant Disease, vol. 98   no. 5, pp. 580-9. 
 
Aghighi, S, Hardy, GES, Scott, JK & Burgess, T 2012, 'Phytophthora bilorbang sp. nov., a 
new species associated with the decline of Rubus anglocandicans (European blackberry) in 
Western Australia', European Journal of Plant Pathology, vol. 133, pp. 841-55. 
 
Agrios, GN 1997, Plant Pathology, 4th edn, Academic Press, San Diego. 
 
Amsellem, Z, Zidak, NK, Quimby, PC & Gressel, J 1999, 'Long-term dry preservation of 
viable mycelia of two mycoherbicidal organisms', Crop Protection, vol. 18, no. 10, pp. 643-
9. 
 
Arnold, AE, Zuleyka, M & Gilbert, GS 2001, 'Fungal endophytes in dicotyledonous 
neotropical trees: patterns of abundance and diversity', Mycological Research, vol. 105 pp. 
1502-7. 
 
Bird, T, Kile, GA & Podger, FD 1974, 'The eucalypt crown diebacks- a growing problem for 
forest managers', in 7th General Conference, I.F.A., Caloundra, Australia. 
 
Bourdôt, GW, Barton, J, Hurrell, GA, Gianotti, AF & Saville, DJ 2006, 'Chondrostereum 
purpureum and Fusarium tumidum independently reduce regrowth in gorse (Ulex 
europaeus)', Biocontrol Science and Technology, vol. 16, no. 3-4, pp. 307-27. 
 
Boyette, CD, Quimby, PC, Connick, WJ, Daigle, DJ & Fulgham, FE 1991, 'Progress in the 
production, formulation and application of mycoherbicides', in DO TeBeest (ed.), Microbial 
Control of Weeds, Chapman and Hall, New York. 
  
29 
 
Boyette, CD & Walker, HL 1985, 'Evaluation of Fusarium lateritium as a biological herbicide 
for controlling velvetleaf (Abutilon theophrasti) and prickly sida (Sida spinosa)', Weed 
Science, vol. 34, no. 1, pp. 106-9. 
 
Briano, JA, Cordo, HA & DeLoach, CJ 2002, 'Biology and field observations of 
Penthobruchus germaini (Coleoptera: Bruchidae), a biological control agent for Parkinsonia 
aculeata (Caesalpiniaceae)', Biological Control, vol. 24, pp. 292-9. 
 
Briese, DT 2000, 'Classical biological control', in B Sindel (ed.), Australian Weed 
Management Systems, R.G and F.J Richardson, Victoria. 
 
Charudattan, R 1988, 'Inundative control of weeds with indigenous fungal pathogens', in MN 
Burge (ed.), Fungi in Biological Control Systems, Manchester University Press, New York. 
 
Christy, AL, Herbst, KA, Kostka, SJ, Mullen, JP & Carlson, PS 1993, 'Syenergizing weed 
biocontrol agents with chemical herbicides', in SO Duke, JJ Menn & JR Plimmer (eds), Pest 
Control with Enhanced Environmental Safety, American Chemical Society, Washington D.C. 
 
Ciotola, M, Diarra, C, Watson, A & Hallett, S 1996, 'Fusarium oxysporum isolate M12-4A 
controls striga hermonthica in the field in west Africa', in VC Moran & JH Hoffman (eds), IX 
International Symposium on Biological Control of Weeds, Stellenbosch, South Africa. 
 
Clay, K 1993, 'The ecology and evolution of endophytes', Agriculture, Ecosystems and 
Environment, vol. 44, pp. 39-64. 
 
Colautti, RI, Ricciardi, A, Grigorvich, IA & Maclsaac, HJ 2004, 'Is invasion success explained 
by the enemy release hypothesis?', Ecology Letters, vol. 7, pp. 721-33. 
 
Connick, WJ, Boyette, CD & McAlpine, JR 1991, 'Formulation of mycoherbicides using a 
pasta-like process', Biological Control, vol. 1. 
 
Connick, WJJ, Lewis, JA & Quimby, PCJ 1990, 'Formulation of biocontrol agents for the use 
in plant pathology.', in RR Baker & P Dunn (eds), New Directions in Biological Control.  
Alternatives for Suppressing Agricultural Pests and Diseases, Alan R. Liss, Inc., New York. 
 
Cother, EJ 2000, 'Pathogenicity of Sclerotinia sclerotiorum to Chrysanthemoides monilifera 
spp. rotundata (bitoubush) and selected species of the coastal flora in eastern Australia', 
Biological Control, vol. 18, pp. 10-7. 
 
Cother, EJ, Nikandrow, A & Gilbert, RL 1996a, 'Dieback of bitoubush- biological control 
opportunities', in VC Moran & JH Hoffman (eds), IX International Symposium on Biological 
Control of Weeds, Stellenbosch, South Africa. 
 
  
30 
Cother, EJ, Nikandrow, A & Gilbert, RL 1996b, 'Sclerotinia sclerotiorum, a potential 
biocontrol agent for Chrysanthemoides monilifera (bitoubush)', in VC Moran & JH Hoffman 
(eds), IX International Symposium on Biological Control of Weeds, Stellenbosch, South 
Africa. 
 
Daigle, DJ, Connick, WJ, Boyette, CD, Jackson, MA & Dorner, JW 1998, 'Solid-state 
fermentation plus extrusion to make biopesticide granules', Biotechnology Techniques, vol. 
12, no. 10, pp. 715-9. 
 
DeBach (ed.) 1964, Biological Control of Insect Pests and Weeds, Reinhold Pub, New York. 
 
Delaye, L, Garcia-Guzman, G & Heil, M 2013, 'Endophytes versus biotrophic and 
necrotrophic pathogens- are fungal lifestyles evolutionarily stable traits?', Fungal Diversity, 
vol. 60, pp. 125-35. 
 
Department of Agriculture, FaF, Queensland 2014, Parkinsonia, Jerusalem thorn or jelly 
bean tree. Parkinsonia aculeata, Biosecurity Queensland, Queensland. 
 
Deveze, M 2004, Parkinsonia;  approaches to the management of parkinsonia (Parkinsonia 
aculeata) in Australia, Department of Natural Resources, Mines and Energy, Queensland. 
 
Deveze, M, McKenzie, J, van Klinken, R & Campbell, SD 2004, 'Parkinsonia control', in M 
Deveze (ed.), Parkinsonia national case studies manual, Department of Natural Resources, 
Mines and Energy, Brisbane. 
 
Diarra, C, Ciotola, M, Hallett, S, Hess, DE & Watson, A 1996, 'Mass production of Fusarium 
oxysporum (M12-4A), a biocontrol agent for Striga hermonthica', in VC Moran & JH Hoffman 
(eds), IX International Symposium on Biological Control of Weeds, Stellenbosch, South 
Africa. 
 
Donnelly, G 1995, 'Biological control of parkinsonia', in N March (ed.), Exotic woody weeds 
and their control in north west Queensland, Qld. Dept. of Lands,, Cloncurry. 
 
Donnelly, G 2000, 'Biology and host specificity of  Rhinacloa callicrates Herring (Hemiptera: 
Miridae) and its introduction and establishment as a biological control agent of Parkinsonia 
aculeata (Caesalpiniaceae) in Australia', Australian Journal of Entomology, vol. 39, pp. 89-
94. 
 
Drugyel, T 2009, 'Preliminary investigation of dieback in athel pine', MPhil thesis, The 
University of Queensland. 
 
Dwinell, LD, Kuhlman, EG & Blakesee, GM 1981, 'Pitch canker of southern pines', in PE 
Nelson, TA Toussoun & RJ Cook (eds), Fusarium: Diseases, Biology and Taxonomy, The 
Pennsylvania State University, Pennsylvania. 
  
31 
 
Ek-Ramos, MJ, Zhou, W, Valencia, CU, Antwi, JB, Kalns, LL, Morgan, GD, Kerns, DL & 
Sword, GA 2013, 'Spatial and temporal variation in fungal endophyte communities isolated 
from cultivated cotton (Gossypium hirsutum)', PLoS ONE, vol. 8, no. 6, p. e66049. 
 
Flanagan, GJ, Van Rangelrooy, DS & Kerin, S 1996, 'Integrated management of Parkinsonia 
aculeata on the Roper River, Northern Territory, Australia', in VC Moran & JH Hoffman (eds), 
IX International Symposium on biological control of weeds, Stellenbosch, South Africa. 
 
Haque, A 2015, 'Investigation of the fungi associated with dieback of prickly acacia 
(Vachellia nilotica subsp. indica) in northern Australia', Doctor of Philosophy thesis, 
University of Queensland. 
 
Hardham, AR 2005, 'Phytophthora cinnamomi', Molecular Plant Pathology, vol. 6, no. 6, pp. 
589-604. 
 
Hocking, D 1993, 'Parkinsonia aculeata L.', in D Hocking (ed.), Trees for Drylands, 
International Science Publisher, New York. 
 
Hodges, JD & Lorio, PLJ 1969, 'Carbohydrate and nitrogen fractions in the inner bark of 
lobolly pines under moisture stress', Canadian Journal of Botany, vol. 47, pp. 1651-7. 
 
Housten, DR 1992, 'Host--stress--saprogen model for forest dieback-decline diseases', in 
PD Manion & D Lachance (eds), Forest Decline Concepts, American Phytopathogical 
Society, Minnesota. 
 
Jacobi, WR & Riffle, JW 1989, 'Effects of water stress on thyronectria canker of 
honeylocusts', Phytopathology, vol. 79, no. 12, pp. 1333-7. 
 
Junker, C, Draeger, S & Schulz, B 2012, 'A fine line- endophytes or pathogens in 
Arabidopsis thaliana', Fungal Ecology, vol. 5, pp. 657-62. 
 
Jurskis, V 2005, 'Eucalypt decline in Australia, and a general concept of tree decline and 
dieback', Forest Ecology abd Management, vol. 215, pp. 1-20. 
 
Klein, T 1992, 'The application of mycoherbicides', Plant Protection Quarterly, vol. 7, no. 4, 
pp. 161-2. 
 
Levitt, J 1972, Responses of plants to environmental stresses, Academic, New York & 
London. 
 
Ma, Z, Morgan, D & Michailides, TJ 2001, 'Effects of water stress on botryosphaeria blight 
of pistachio caused by Botryosphaeria dothidea', Plant Disease, vol. 85, no. 7, pp. 745-9. 
  
32 
 
McKenzie, J, Pattison, MJ, Steele, KE, Campbell, SD & Vitelli, JS 2004, 'Controlling dense 
infestations of parkinsonia (Parkinsonia aculeata L.)', in B Sindel & SB Johnson (eds), Weed 
management: balancing people, planet, profit.  14th Australian Weeds Conference, Wagga 
Wagga, NSW. 
 
McRae, CF & Auld, BA 2000, 'Inundative biological control of weeds- the bioherbicide tactic', 
in B Sindel (ed.), Australian Weed Management Systems, R.G and F.J Richardson, Victoria. 
 
Mohanan, C & Sharma, JK 1988, 'Diseases of exotic acacias in India', Journal of Tropical 
Forestry, vol. 4, no. 4, pp. 357-61. 
 
Morin, L, Howarth, A & Johnston, P 1996, 'Potential of fusarium tumidum as a bioherbicide 
to control gorse and broom in New Zealand', in VC Moran & JH Hoffman (eds), IX 
International Symposium on Biological Control of Weeds, Stellenbosch, South Africa. 
 
Morin, L, Shivas, RG, Piper, MC & Tan, YP 2010, 'Austropleospora osteospermi gen. et sp. 
nov. and its host specificity and distribution on Chrysanthemoides monilifera ssp. rotundata 
in Australia', Fungal Diversity, vol. 40, no. 1, pp. 65-74. 
 
Page, AR & Lacey, KL 2006, Economic impact assessment of Australian weed biological 
control, CRC for Australian Weed Management, Adelaide. 
 
Pusey, PL 1989, 'Influence of water stress on susceptibility of nonwounded peach bark to 
Botryosphaeria dothidea', Plant Disease, vol. 73, no. 12, pp. 1000-3. 
 
Pusey, PL, Reilly, CC & Okie, WR 1986, 'Symptomatic responses of peach trees to various 
isolates of Botryosphaeria dothidea', Plant Disease, vol. 70, pp. 568-72. 
 
Quimby, PC, DeLoach, CJ, Wineriter, SA, Goolsby, JA, Sobhian, R, Boyette, CD & Abbas, 
HK 2003, 'Biological control of weeds: research by the United States Department of 
Agriculture- agricultural research service: selected case studies', Pest Management 
Science, vol. 59, no. 6/7, pp. 671-80. 
 
Quimby, PC, Zidack, NK, Boyette, CD & Grey, WE 1999, 'A simple method for stabilizing 
and granulating fungi', Biocontrol Science and Technology, vol. 9, no. 1, pp. 5-8. 
 
Ragazzi, A, Moricca, S & Dellavalle, I 1999, 'Interactions between quercus spp. and Diplodia 
mutila under water stress conditions', Journal of Plant Diseases and Protection, vol. 106, 
no. 5, pp. 495-500. 
 
Rayachhetry, MB 1995, 'Evaluating the pathogenicity of Botryosphaeria ribis Gross. & 
Duggar on Melaleuca quinquenervia (Cav.) Blake in south Florida', University of Florida. 
 
  
33 
Rayachhetry, MB, Blakeslee, GM & Center, TD 1996a, 'Predisposition of melaleuca 
(Melaleuca quinquenervia) to invasion by the potential biological control agent 
Botryosphaeria ribis', Weed Science, vol. 44, pp. 603-8. 
 
Rayachhetry, MB, Blakeslee, GM & Miller, T 1996b, 'Histopathology of Botryosphaeria ribis 
in Melaleuca quinquenervia: pathogen invasion and host response', International Journal of 
Plant Sciences, vol. 157, no. 2, pp. 219-27. 
 
Rayachhetry, MB, Elliot, ML, Center, TD & Laroche, F 1999, 'Field evaluation of a native 
fungus for control of melaleuca (Melaleuca quinquenervia) in southern Florida', Weed 
Technology, vol. 13, pp. 59-64. 
 
Rodriguez, RJ, White Jr, JF, Arnold, AE & Redman, RS 2009, 'Fungal endophytes: diversity 
and functional roles', New Phytologist, vol. 182, pp. 314-30. 
 
Sacdalan, AD 2015, 'Mimosa pigra dieback in the Northern Territory, Australia: Investigation 
into possible causes', Doctor of Philosophy thesis, University of Queensland. 
 
Sahu, RK & Agarwal, VK 2002a, 'Detection of fungi associated with seeds of horsebean 
(Parkinsonia aculeata Linn.)', Seed Research, vol. 30, no. 2, pp. 334-5. 
 
Sahu, RK & Agarwal, VK 2002b, 'Location of fungi associated with forest tree seeds of horse 
bean (Parkinsonia aculeata), lead tree (Leucaena leucocephala) and rusty shield bearer 
(Peltophorum ferrugineum)', Indian Forester, vol. 128, no. 8, pp. 887-92. 
 
Saikkonen, K, Faeth, SH, Helander, M & Sullivan, TJ 1998, 'Fungal endophytes: A 
continuum of interactions with host plants', Annual Review of Ecological Systems, vol. 29, 
pp. 319-43. 
 
Sands, DC, Pilgeram, AL, Arthun, K, Weaver, MB, McCarthy, MK, Tyurebayev, K & 
Anderson, T 1996, 'Creating more effective pathogens', in IX International Symposium on 
Biological Control of Weeds. 
 
Sauerborn, J, Abbasher, AA, Kroschel, J, Cornes, DW, Zoschke, A & Hine, KT 1996, 'Striga 
hermonthica control with Fusarium nygamai in maize', in VC Moran & JH Hoffman (eds), IX 
International Symposium on Biological Control of Weeds, Stellenbosch, South Africa. 
 
Scanlan, JC & Pressland, AJ 1984, Major woody weeds of western Queensland and their 
control, Department of Primary Industries, Brisbane. 
 
Schoeneweiss, DF 1975, 'Predisposition, stress and plant disease', Annual Review of 
Phytopathology, vol. 13, pp. 193-211. 
 
  
34 
Schoeneweiss, DF 1978, 'Water stress as a predisposing factor in plant disease', in TT 
Kozlowski (ed.), Water Deficits and Plant Growth, Academic Press, New York, vol. 5, pp. 
61-9. 
 
Schoeneweiss, DF 1983, 'Drought predisposition to cytospora canker in blue spruce', 
American Phytopathological Society, vol. 67, no. 4, pp. 383-5. 
 
Schulz, B & Boyle, C 2005, 'The endophytic continuum', Mycological Research, vol. 109, no. 
6, pp. 661-86. 
 
Smith, SN, Ebbels, DL, Garber, RH & Kappelman, AJJ 1981, 'Fusarium wilt of cotton', in PE 
Nelson, TA Toussoun & RJ Cook (eds), Fusarium: Diseases, biology, and taxonomy, The 
Pennsylvania State University, Pennsylvania. 
 
Stanoz, GR, Blodgett, JT, Smith, DR & Kruger, EL 2001, 'Water stress and Sphaeropsis 
sapinea as a latent pathogen of red pine seedlings', New Phytologist, vol. 149, pp. 531-8. 
 
Steinrucken, TV, Bissett, AB, Powell, JR, Raghavendra, AKH & Van Klinken, RD 2015a, 
'Endophyte community composition is associated with dieback occurrence in an invasive 
tree', Plant and Soil, vol. S-62, no. Special Issue S-62 Endophytes. 
 
Steinrucken, TV, Powell, J, Bissett, A, Raghavendra, AKH & Klinken, Rv 2015b, 'Endophytic 
pathogens, water stress and dieback in an invasive tree', in Australian Society for 
Microbiology Scientific Meeting and Exhibition, QT Canberra, p. 93. 
 
TeBeest, DO 1991, 'Biological control of weedy plant species with plant pathogens', in JB 
Petersen (ed.), The Biological Control of Plant Diseases, Food and Fertilizer Technology 
Center for the Asian and Pacific Region, Taiwan. 
 
Thorp, JR & Lynch, R 2000, The determination of weeds of national significance National 
Weeds Strategy Executive Committee, Launceston,Tasmania. 
 
Toh, R 2009, 'Investigation of fungi pathogenic towards seedlings of Parkinsonia aculeata: 
their potential for use as mycoherbicides', MPhil thesis, University of Queensland. 
 
Udaiyan, K & Hosagoudar, VB 1993, 'A note on new and less known powdery mildews from 
Coimbatore, India', New Botanist, vol. 20, no. 1/4, pp. 115-7. 
 
Uninal, K, Harsh, NSK, Uninal, DP & Verma, S 2004, 'Canker and dieback of Acacia nilotica 
seedlings in nursery', Indian Forester, vol. 130, no. 1, pp. 95-100. 
 
van Klinken, R & Heard, T 2012, 'Parkinsonia aculeata L. - parkinsonia', in MH Julien, R 
McFayden & JM Cullen (eds), Biological Control of Weeds in Australia, CSIRO Publishing, 
Canberra, pp. 437-46. 
  
35 
 
Vitelli, JS & Madigan, BA 2004, 'Evaluation of a hand-held burner for the control of woody 
weeds by flaming', Australian Journal of Experimental Agriculture, vol. 44, pp. 75-81. 
 
Waipara, NW, Smith, LA, Gianotti, AF, Wilkie, JP, Winks, CJ & McKenzie, EHC 2005, 'A 
survey of fungal plant pathogens associated with weed infestations of barberry (Berberis 
spp.) in New Zealand and their biocontrol potential', Australian Plant Pathology, vol. 34, pp. 
369-76. 
 
Walker, HL & Connick, WJ 1983, 'Sodium alginate for production and formulation of 
mycoherbicides', Weed Science, vol. 31, no. 3, pp. 333-8. 
 
Wilson, CG & Pitkethley, RN 1992, 'Botryodiplodia dieback of Mimosa pigra, a noxious weed 
in northern Australia', Plant Pathology, vol. 41, pp. 777-9. 
 
Wilson, LM & McCaffrey, P 1999, 'Biological control of noxious rangeland weeds', in RL 
Sheley & JK Petroff (eds), Biology and Management of Noxious Rangeland Weeds., Oregon 
State University Press, Corvallis. 
 
Woods, W 1986, 'Biological control of parkinsonia', Journal of Agriculture- Western Australia, 
vol. 27, no. 3, pp. 80-3. 
 
 
 
  
  
36 
 
  
37 
 Parkinsonia dieback: Survey of associated fungi 
3.1     Introduction 
A disorder killing parkinsonia plants has been observed in Hughenden, Australia for the past 
60 years (Tony Kendall, 2006 Personal communication).  More recently, this same 
phenomenon has been observed in a number of sites across northern Australia and is 
commonly referred to as parkinsonia dieback (Diplock et al. 2006).  Dieback (otherwise 
described as blight or decline) is a term often used when the cause is unknown, and is used 
as a descriptor of a disease symptom (Housten 1992).  High, unexplained mortality has been 
observed among adult and juvenile parkinsonia trees from individual plants to entire stands. 
In most cases, parkinsonia dieback can be recognised by symptoms starting from the tip of 
the branch, which begins to die back, with phyllodes and pinnae drying up and remaining 
attached to the plant.  A distinct dark, necrotic region on the stem appears to move down 
the plant as the disorder develops preceding plant death.  Despite the occurrence of 
parkinsonia dieback having been observed for over 60 years (Tony Kendall, 2006 Personal 
communication), the causes, and distribution of this phenomenon have not previously been 
studied.  This research aims to establish the distribution of parkinsonia dieback across 
Australia and to determine if the same putative causative agent is associated across these 
locations.  
Research involving pathogens causing dieback on woody weeds in Australia and their 
potential for biological control is a fairly new focus.  Surveys of Rubus anglocandicans 
(blackberry) suffering decline and resulting in landscape changes found Phytophthora 
bilorbang to be responsible for this disease, with further research required for its use as a 
biological control agent (Aghighi et al. 2012).  Studies involving dieback in Mimosa pigra and 
Vachellia nilotica subsp. Indica (prickly acacia) both suffering from dieback symptoms found 
a range of fungi to be associated with this disease, many from the Botryosphaeriaceae group 
of fungi, however neither studies were able to confirm a definite causal agent for this disease 
(Sacdalan et al. 2012; Haque 2015; Sacdalan 2015).  
A wide range of studies have looked at the role of fungi in other tree dieback.  An important 
first step in many of these have been field surveys to identify potentially causative 
organisms, in some cases the pathogenicity of which have subsequently been tested 
through Koch’s postulates.  In some cases individual pathogenic species have been found 
to be the cause of dieback across the host species’ distribution.  For example, surveys 
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across California and South Australia found Calosphaeria pulchella as the causal agent of 
Canker in Prunus avium L. (sweet cherry) (Trouillas et al. 2012). Chalara fraxinea has been 
found to be responsible for dieback in a range of ash species (Fraxenia spp.) across a 
number of countries including Poland (Kowalski 2006), Sweden (Barklund, 2005 cited in 
(Kowalski & Holdenrieder 2009)), Austria (Cech, 2006 cited in (Kowalski & Holdenrieder 
2009)) , Germany (Schumacher, J. et al. 2007 cited in (Kowalski & Holdenrieder 2009)), 
Denmark (Thomsen, 2007 cited in (Kowalski & Holdenrieder 2009)) , Finland (Pathcar, 2007 
cited in (Kowalski & Holdenrieder 2009)), Lithuania and the Czech Republic (Kowalski & 
Holdenrieder 2009).  
In other cases a range of causal organisms were identified across locations (Urbez- Torres 
et al. 2012).  For example studies characterizing fungal pathogens associated with 
grapevine trunk diseases in Arkansas and Missouri found 14 different species of fungi to be 
responsible for canker/dieback diseases across 30 vineyards (Urbez- Torres et al. 2012).  
Other studies have found a diversity of fungal organisms associated with dieback, and 
although pathogenicity of these fungi is known, their role in the dieback phenomenon was 
not confirmed.  Studies investigating the incidence of dieback in avocado orchards across 
eight sites in California found six different Botryosphaeriaceae species associated with 
canker formation  (McDonald & Eskalen 2011).  
As discussed above, most studies investigating the incidence of dieback are either 
geographically restricted (Dakin et al. 2010; McDonald & Eskalen 2011; Urbez- Torres et al. 
2012) or focusing on the occurrence of a single causative agent across a large area.  This 
study aims to assess an expansive geographical range (incorporating most of parkinsonia’s 
range within Australia), and assess the wide range of fungi associated with the occurrence 
of dieback.  
Research investigating endophytes associated with parkinsonia dieback found a range of 
organisms from archaea, bacteria and fungi in parkinsonia stems (Steinrucken et al. 2015).  
While this study illustrated a difference in the composition of endophytes found in dieback 
affected plants compared to plants showing no signs of disease, it did not however examine 
any pathogenicity of these organisms and their possible role in dieback in parkinsonia.  
Fungi associated with parkinsonia have also been studied in India where parkinsonia is 
naturalised.  Udaiyan & Hosagoudar  (1993) found that powdery mildew fungi from the genus 
Oidium (Link) infect parkinsonia.  Eleven seed borne fungi were detected by Sahu and 
Agarwal (2002a).  These included:  Alternaria alternata, A. tennuissima, Aspergillus 
fumigatus, Aspergillus niger, Curvularia lunata, Fusarium equiseti, Fusarium longipes, 
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Fusarium pallidorseum, Fusarium sp., Penicillium aurantiogrisium and Phoma sp.  In 
another study Sahu and Agarwal (2002b) also found Aspergillus flavus, Paecilomyces 
variotii, Penicillium pinophilum, Rhizoctonia solani and Rhizopus stolonifer isolated from the 
seeds of parkinsonia.  From the literature available, there is no indication that any of the 
fungi mentioned are capable of causing dieback or similar disorders in parkinsonia. 
The primary aim of this research was to determine the range of fungi associated with 
parkinsonia dieback across its Australian distribution.  This chapter presents the outcomes 
of a survey conducted across northern Australia which collected samples of dieback affected 
parkinsonia stems for fungal isolation and information about dieback in parkinsonia. The 
samples submitted came from five climatic regions, and thus it was hypothesized that 
dieback causal agents either would differ depending on location or that the same putative 
causative agent would be found across the distribution of dieback affected plants. 
3.2    Methods 
3.2.1 Survey 
Dieback affected plants were collected by use of the survey, by various parkinsonia 
researchers, as well as during field trips to trial sites.  Plants were sampled on the basis of 
visual symptoms of dieback, and clear instructions were provided for easy recognition of 
symptoms.   
A survey (Appendix A: Survey) was distributed throughout northern Australia to both collect 
samples of dieback affected parkinsonia and to collect information relating to the occurrence 
of dieback.  This also served to initiate communication and interest about the research with 
landholders.  The survey was distributed through newsletters targeting landholders over a 
12 month period from June 2005 to June 2006,  including  the Northern Muster, Pastoral 
Memo and Network Notes (Diplock 2005b, 2005a).  Surveys were also available through the 
Capricorn Pest Management Group (CPMG) office, Queensland Department of Agriculture 
and Fisheries Tropical Weeds Research Centre (TWRC), Landcare offices at Tennant Creek 
and Roper River, and various conferences, prickle bush workshops and open days around 
the country. The survey was also e-mailed directly to Landcare workers who passed it onto 
interested landholders. Media coverage (ABC radio and various newspapers) was also 
utilised to raise the awareness of this project among landholders (Anon 2005c, 2005b, 
2005a; Bright 2005; Cogo 2005; Diplock 2005b, 2005a; Anon 2006b, 2006a). 
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Eight simple questions were formulated which gave respondents the chance to 
communicate any observations of parkinsonia dieback that may have been noticed over 
time which would not be apparent in once off visits to dieback sites.  The majority of 
questions asked were open ended questions designed to give an overview of respondents’ 
observations about parkinsonia dieback.  Questions and instructions for dieback collection 
were as follows: 
1. Is dieback present in Parkinsonia on your property and how common or widespread 
is it? 
 I have not seen it yet (return survey please) 
 It can be found in a few locations 
 It is quite common across the property 
 It is having a significant effect on the Parkinsonia population 
2. When did you first notice Parkinsonia dieback on your property? (year / season) 
3. Is Parkinsonia dieback increasing or spreading across your property? 
4. Have you made any observations about Parkinsonia dieback which might suggest 
how it first appeared or spread across your property? 
5. Have you noticed any environmental factors (e.g. fire/flood/drought/insect activity) 
which might be related to the presence or spread of Parkinsonia dieback? 
6. Are there any patterns (in time and space) to the occurrence of Parkinsonia dieback 
that you have noticed? 
7. Do you have any thoughts about the influence of management practices on the 
presence or severity of Parkinsonia dieback? 
8. Do you have any other comments, questions or interesting observations that you 
think we should consider in this research?  
 
This survey also requested a stem sample of dieback affected parkinsonia to be sent to a 
reply paid address for analysis is the laboratory.  Instructions were as follows (see Appendix 
1 for actual survey).  
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1. Select plant showing signs of dieback no more than about 5cm (2 inches) in diameter 
at the base of the plant. 
2. Cut plant at base 
3. Look for vascular staining.  If plant shows vascular staining continue, if not select 
another plant. 
4. Cut plant about 10cm (4 inches) above base cut, discard this piece. 
5. Cut another 20cm (8 inches) above this cut, keep this piece.  
6. If possible, collect a second sample from another plant nearby 
7. Record the accurate location of the dieback site (GPS if possible, or mud map) 
8. Seal stem samples in a plastic bag. Place with location details & completed survey in 
a padded envelope or postage box. 
9. Send to reply paid address from previous page 
Once received samples were catalogued in a Microsoft Access database, labelled and 
stored in paper bags at 4⁰C until further processing was possible. 
3.2.2 Isolation of fungi from submitted samples 
Plant stems were cut into discs approximately 0.5cm thick, avoiding material from the end 
of the segments to minimise the chance of surface contaminants.  These discs were surface 
sterilised using 4% NaOCl for 3 minutes, rinsed in sterile water for 3 minutes, followed by a 
second rinse in sterile water for 1 minute.  These discs were then placed on 1/2 PDA plates 
using sterile forceps.  These plates were placed in an incubator at 25°C and observed daily. 
When fungal hyphae was observed growing from the stem discs, sub cultures were made 
on fresh 1/2 PDA plates.  Plates were observed daily, and examined under the microscope 
periodically, if bacterial contamination was present, isolates were ‘cleaned’ using various 
methods including antibiotics, a physical barrier or a combination of both (3.2.2.1).   This 
process was repeated until the culture was clean.  Pure cultures were then grown on 1/2 
PDA. 
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3.2.2.1 Attaining pure cultures 
Antibiotics 
Various antibiotics were added to media to suppress bacterial contamination in cultures.  
Antibiotics were added to 1/2 PDA after autoclaving when the media had cooled to <50°C.  
Vancomycin was used at a rate of 100 ppm;  Chloramphenicol at 0.08g/400mL; Penicillin 
and Streptomycin were used together at rates of 1.2g/400mL and 0.08g/400mL respectively 
(Waller et al. 2002).  Cultures contaminated with bacteria were subcultured onto plates 
containing antibiotics, subcultures were taken from the growing tip, until a clean culture was 
obtained.  
Physical barrier method 
To overcome problems with contaminated cultures which proved difficult to clean using 
antibiotics, a physical barrier method was used. Plastic tubing with an inside diameter of 
4mm was cut into approximately 5mm lengths and autoclaved at 121⁰C for 20 minutes.  Half 
strength PDA plates were poured and allowed to partially set. The sterile tubing rings were 
then placed with the hole in a vertical position into the PDA using forceps while the PDA was 
still soft.  The rings were pushed into the media to half their depth (Figure 3-1).  Fungal 
subcultures contaminated with bacteria were placed inside the rings allowing for fungal 
growth both below and over the top of the tube, while containing bacterial contamination 
within the rings (method adapted Dr Simon F. Shamoun, 2005. Personal communication).  
When it was evident that fungal growth was present outside the rings subcultures were taken 
from the furthest growing tip.  In some instances both the physical barrier method and 
antibiotics were used simultaneously. 
 
 
Figure 3-1: Diagrammatic representation of containment rings placed in agar media (method of 
Shamoun 2005).  
 
Tube ring 
PDA 
 Petri dish  
 base 
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3.2.2.2 Isolate Storage 
Storage of master cultures was managed by using methods adapted from Smith, D. (2002) 
and Johnston and Booth (1983).  Pieces of culture grown on PDA, 125mm3 in size were cut 
from the actively growing edge, which were then maintained in sterile water in McCartney 
bottles stored at 25oC in darkness.  Recovery of the isolates was achieved by removing 1 
piece of agar from the tube with sterile forceps and placing it on PDA, these were then grown 
at 25oC in darkness. Originally cultures were also grown in McCartney bottles on sterile 
white French millet seed (Panicum miliaceum) which was then air dried in the laminar flow 
cabinet over 48 hours and stored at 4oC.  Viability proved to be unreliable using this method, 
and culture mite contamination was ongoing, even with storage at low temperatures.  This 
was overcome by relying solely on the sterile water storage method.  
3.2.3 Identification of isolates  
Cultures which did not readily produce spores were subcultured and exposed to black light 
with a 16 hour day within the first four days of growth to encourage sporulation.  In some 
instances where black light did not promote sporulation, water agar (20g/L agar prepared 
with deionised water), was used with autoclaved parkinsonia seedlings (with cotyledons just 
emerged, seed casing removed) placed in the centre of the plate.  Subcultures of the fungi 
were made onto the seedlings, and these were exposed to the same black light regime as 
described above. Once cultures had produced spores, these were used to identify them to 
genus where possible. Initially identification of key isolates to species level was conducted 
by James Cunnington (Department of Primary Industries, Victoria) using morphological 
techniques.  In some instances where this was not possible due to absence of spores, 
molecular detection of species was achieved using Polymerase Chain Reaction (Aani 2009) 
under the guidance of Dr Roger Shivas (DAF QLD).  
In 2012-2015, all isolates were morphologically matched to reduce the total number of key 
isolates to 75 for identification using DNA sequence identification techniques. Isolates were 
grown on PDA from master cultures, subcultured into BD Falcon™ 24 Well Multiwell plates 
containing 1mL V8 broth (200mL commercial V8® Original juice +800mL RO water +3g 
Calcium carbonate, mixed, filtered and autoclaved) and incubated at 25oC for 7 days.  
Hyphal plugs were then washed with sterile water, transferred into Eppendorf tubes and 
freeze dried. Genomic DNA was isolated either by The Commonwealth Scientific and 
Industrial Research Organisation (CSIRO) Canberra or at The University of Queensland-
Gatton Campus.  The ITS region was amplified with primers ITS1 and ITS4 (White et al. 
1990) and amplicons sent to Macrogen (South Korea) and Sanger sequenced using ITS1 
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as the sequencing primer.  Identification was performed by Dr Ken Goulter using an iterative 
approach of doing BLAST searches of the non-redundant DNA GenBank databases. 
GenBank sequences were ignored unless they were from type isolates (holotypes, extypes 
etc.) and accompanied by a published manuscript.  ClustalW alignments were conducted 
with putative identities until the most similar was found. It is (very) likely that multi-gene 
sequencing may alter identifications and provide greater resolution.  Phlyogenetic analysis 
of the aligned sequences was performed using the maximum parsimony (MP) program 
within PAUP® 4.0b10 (Swofford 2000).  Heuristic searches were conducted with stepwise 
addition of branches and swapping of branches using the tree-bisection-reconnection (TBR) 
algorithm with branch collapse if maximum branch length was zero.  Bootstrap analysis with 
1000 replications was performed to indicate statistical support for nodes generated.  A 
consensus tree was generated.  This was viewed using Treeview (Page 1996) and exported 
to Microsoft PowerPoint for editing. 
3.2.4 Mapping of isolates 
All samples locations were recorded and mapped using the Google Earth (Version 
7.1.2.2041) landmark feature.  Sites with known GPS points were directly positioned on the 
map using this point of reference.  Samples which were provided with a mud map or 
description of location were found on Google Earth, a GPS coordinate was taken and this 
was then used for mapping purposes. Grouping of samples according to region was 
determined by identifying different climatic or geographical regions from which samples were 
collected (R1 semi-humid tropics; R2 semi-humid tropics, R3 semi-arid wet-dry tropics, R4 
semi-arid, R5 semi-arid) (Figure 3-2).  Information pertaining to samples was identified and 
recorded as both a ‘plant’ (each individual stem sample) and a ‘site’ (GPS coordinate of 
sample) as some samples came from different plants within the same GPS point.  Previous 
work investigating the effect of isolates on parkinsonia seedlings identified 5 isolates as 
pathogens lethal to seedlings (Toh 2009). These were flagged as ‘lethal isolates’ and 
mapped according to their occurrence.  
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Figure 3-2: Most lethal parkinsonia isolates according to location within 5 climatic regions in reference 
to current P. aculeata distribution and density (modified from van Klinken et al. (2009b) and (Toh 2009) 
3.3    Results  
3.3.1 Survey 
Seven responses to the survey were received from June-September 2005 from four of the 
five defined climatic regions across Australia (Figure 3-2) this yielded 22 plant samples, and 
45 isolates.  Fifty five plant samples were collected by Parkinsonia researchers during field 
trips and submitted directly, 114 isolates were obtained from these samples, giving a total 
of 159 isolates from 77 plant samples from the five climatic regions. Samples were not 
evenly distributed across the range of parkinsonia (Table 3-1). Open ended questions were 
generally left unanswered, or did not contribute significant information about parkinsonia 
dieback. 
 
 
 
 
R2  Semi humid tropics, lethal  species 
Lasiodiplodia pseudotheobromae, 
Macrophomia phaseolina, Barriopsis 
iraniana detected  
R1  Semi humid tropics, lethal  species 
Lasiodiplodia pseudotheobromae, 
Macrophomina phaseolina, detected  
R3  Semi-arid wet-dry tropics, , lethal 
species Lasiodiplodia 
pseudotheobromae,  Macrophomina 
phaseolina detected  
R4  Semi-arid, , lethal species 
Lasiodiplodia pseudotheobromae, 
detected 
R5  Semi-arid, lethal species 
Neoscytalidium novaehollandiae, 
Botryosphaeria dothidea., 
Lasiodiplodia pseudotheobromae,  
Macrophomina phaseolina detected  
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Table 3-1: Regional distribution and abundance of samples across regions 
 
3.3.2 Regional distribution and abundance and Isolate diversity 
Of the 159 isolates, 75 of these were recovered for identification using molecular techniques. 
The remaining 84 were previously matched morphologically with those sent for identification.  
This information was collated to determine the distribution of the species across regions.  A 
total of 46 sites (including 77 plants) were sampled across five climatic regions (Figure 3-2, 
Table 3-1).  A total of 41 fungal species (Figure 3-3) were identified among the 159 isolates, 
with 4 to 20 different species identified within each region (Table 3-1).  The identified species 
were representative of 13 defined fungal families.  These ranged from common known 
facultative plant pathogens, saprophytes and endophytes.  Host affiliations varied greatly 
among species (Table 3-2).  Many of these species are cosmopolitan fungi, with a wide host 
range, causing a range of disease symptoms such as leaf spot, cankers, damping off and 
dieback.  Contrasting to this, other species identified have previously only been found 
associated with single plant host species, and not previously recorded in Australia.  
 Region 
 1 2 3 4 5 Total 
No. Sites/region  17 1 8 3 17 46 
No. of plants 21 3 25 3 25 77 
Av. plants/site 1.2 3 3.1 1 1.5 1.7 
No isolates 51 7 49 4 48 159 
No. of species found 20 6 18 4 20 41 
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Figure 3-3: Maximum parsimony tree based on bootstrap analyses of ITS sequences from isolates from 
dieback affected parkinsonia (only one representative isolate from each species shown). The tree was 
rooted to Daldinia concentrica and all bootstrap support values are shown.   
 
  
48 
Table 3-2: Taxonomic overview of isolates identified  
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3.3.3 Mapping of isolates 
The occurrence and abundance of species varied across regions (Table 3-3).  Eight species 
were represented from the Botryosphaeriaceae family and as a group of fungi were present 
in all of the five regions sampled. The most prevalent of these being Macrophomina 
phaseolina which was found in 40% of sites, and 30% of plants across four regions (regions 
1, 2, 3 and 5). This fungal species was present in 35% of sites and 29% of plants in region 
1; 63% of sites and 44% of plants in region 3; and 38% sites and 22% of plants in region 5. 
These were well sampled regions, compared to region 2, which although M. phaseolina was 
present in 100% of sites, was poorly sampled in comparison, with only 1 site sampled and 
3 plants collected (Table 3-3). 
Isolates previously flagged as being lethal to parkinsonia seedlings included Lasiodiplodia 
pseudotheobromae, Barriopsis iraniana, Macrophomina phaseolina, Neoscytalidium 
novaehollandiae and Botryosphaeria dothidea (Toh 2009). Lasiodiplodia 
pseudotheobromae was found all regions, although was not ubiquitous within regions (found 
in 14% of sites, and 8% of plants across all regions).  This was the only species found to 
occur across the entire range.  Macrophomina phaseolina, Phoma macrostoma, Fusarium 
equiseti and Peyronella curtsii were found in four of the five regions with an overall 
occurrence of 40/30, 38/34, 14/8 and 24/16 presence in % sites / % plants sampled 
respectively (Table 3-3). 
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Table 3-3: Fungal species occurrence and abundance across five climatic regions. Number of sites 
sampled with a region / number of plants sampled within a region (table continued over page) 
 Family 
Species 
R1 
sites/plants 
R2 
sites/plants 
R3 
sites/plants 
R4 
sites/plants 
R5 
sites/plants 
all regions 
sites/plants 
Amphisphaeriaceae       
Pestalotiopsis sinensis 6%/5%     2%/1% 
Botryosphaeriaceae       
Barriopsis iraniana 12%/10% 100%/67%    7%/5% 
Botryosphaeria 
dothidea     8%/4% 2%/1% 
Lasiodiplodia 
pseudotheobromae 6%/5% 100%/33% 13%/4% 33%/33% 15%/7% 14%/8% 
Lasiodiplodia parva   13%/4%   2%/1% 
Macrophomina 
phaseolina 35%/29% 100%/33% 63%/44%  38%/22% 40%/30% 
Neoscytalidium 
novaehollandiae     8%/4% 2%/1% 
Sphaeropsis citrigena   13%/4%  8%/4% 5%/3% 
Sphaeropsis variabilis 6%/5%     2%/1% 
Chaetomiaceae       
Chaetomium 
coarctatum 6%/5%  13%/4%   5%/3% 
Chaetomium globosum   13%/4%   2%/1% 
Diaporthaceae       
Diaporthe 
eucalyptorum 6%/5%     2%/1% 
Diaporthe 
terebinthifolii   13%/4%  8%/4% 5%/3% 
Diaporthe chimonanthi 6%/5%  13%/4%   5%/3% 
Diatrypaceae       
Eutypella microtheca    33%/33%  2%/1% 
Dothioraceae       
Bagnisiella examinans     8%/4% 2%/1% 
Epicoccum sorghi     8%/4% 2%/1% 
Kabatiella bupleuri     8%/4% 2%/1% 
Glomerellaceae       
Colletotrichum 
queenslandicum 6%/5%     2%/1% 
Lasiosphaeriaceae       
Apiospora montagnei 6%/5%     2%/1% 
Nectriaceae       
Fusarium acutatum 24%/19%  13%/4%   12%/5% 
Fusarium 
brachygibbosum     8%/4% 2%/1% 
Fusarium 
chlamydosporum   
var. fuscum 47%/38%    31%/15% 29%/15% 
Fusarium equiseti 18%/14% 100%/33% 13%/4%  8%/4% 14%/8% 
  
53 
Table 3-3 (continued): Fungal species occurrence and abundance across five climatic regions. 
Number of sites sampled with a region / number of plants sampled within a region 
 Family 
Species 
R1 
sites/plants 
R2 
sites/plants 
R3 
sites/plants 
R4 
sites/plants 
R5 
sites/plants 
all regions 
sites/plants 
Nectriaceae (cont’d)       
Fusarium fujikuroi   13%/4%   2%/1% 
Fusarium lateritium 6%/5% 100%/33%    5%/3% 
Fusarium ramigenum    33%/33%  2%/1% 
Ophiocordycipitaceae       
Purpureocillium 
lilacinum   13%/4%  15%/7% 7%/4% 
Pleosporaceae       
Alternaria alternata   13%/4%   2%/1% 
Cochliobolus 
homomorphus 6%/5%     2%/1% 
Peyronellea curtsii 18%/14% 100%/33% 25%/20%  31%/15% 24%/16% 
Peyronellea pinodella 6%/5%     2%/1% 
Peyronellea prosopidis 6%/5%     2%/1% 
Phoma macrostoma 41%/48%  88%/60% 33%/33% 8%/4% 38%/34% 
Phoma proteae     8%/4% 2%/1% 
Phoma sp.   13%/4%  54%/37% 19%/14% 
Pseudocochliobolus 
eragrostidis 6%/5%     2%/1% 
Pleurostomataceae       
Pleurostoma ootheca   13%/4%   2%/1% 
Trichocomaceae       
Aspergillus tubingensis   13%/12%  38%/30% 14%/14% 
Paecilomyces farinosus     8%/4% 2%/1% 
Paecilomyces formosus     8%/4% 2%/1% 
3.4    Discussion 
The surveys undertaken revealed a rich diversity of fungi associated with dieback affected 
parkinsonia plants across northern Australia.  None of the species found were ubiquitous, 
suggesting that if pathogens are responsible for this dieback then different species may be 
the cause in different climatic regions.  A large range of fungal species were found across 
all sites.  These ranged from various known disease causing organisms and 
entomopathogens to species which have only been associated with dead plant material. 
Little pattern was observed within most species across the range, with the most commonly 
sampled regions yielding the highest number of species.  Species belonging to the family 
Botryosphaeriaceae (Lasiodiplodia spp. and Macrophomina phaseolina.) were prominent 
across sampled sites and have previously been associated with dieback in other plant 
species (Fakir & Mridha 1985; Khanzada et al. 2004; Al-Saadoon et al. 2012).   
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The most commonly isolated fungi included fungi from the genera Phoma, Fusarium, 
Peyronellea, Lasiodiplodia, and Macrophomina.  None of these have been recorded as 
causing disease symptoms in adult parkinsonia in available literature, however many of 
these species have previously been recorded as endophytes in other plant species 
(Sakayaroj et al. 2010; Xing et al. 2011; He et al. 2012; Loro et al. 2012) supporting the 
finding of their presence as endophytes in parkinsonia.  Only two of the species found 
(Fusarium equiseti and Alternaria alternata) matched two of the 16 species previously found 
in parkinsonia seeds in India (Sahu & Agarwal 2002a, 2002b).  Parallel research involving 
inoculation trials revealed it is unlikely that these two species are the cause of the dieback.  
Although other fungi belonging to the genera Phoma, Fusarium and Peyronellea were 
commonly isolated, these also were proved unlikely to be the cause of disease during trials 
(Toh 2009).  
Lasiodiplodia parva, L. pseudotheobromae, Barriopsis iraniana, Neoscytalidium sp. and 
Macrophomina phaseolina were isolated from a range of sites and have all been proved 
capable of causing disease and mortality in parkinsonia seedlings (Toh 2009).  Interestingly, 
all these belong to the family Botryosphaeriaceae.  They are all commonly occurring 
ascomycetes, known for their worldwide distribution and large host ranges as pathogens 
(Slippers & Wingfield 2007).  It is only in recent times (late 1980’s) that their endophytic 
nature has been established and studied (Petrini & Fisher 1988).  Neoscytalidium 
novaehollandiae has only been recently identified and has previously only been recorded 
causing disease in Mangifera indica L. (Ray et al. 2010) and from asymptomatic branches 
(sapwood) of Acacia synchronica  Maslin, Adansonia gibbosa F.Muell., Crotalaria 
medicaginea L. and Grevillia agrifolia A.Cunn. ex R.Br. in Western Australia (Pavlic et al. 
2008) whereas N. dimidiatum is a worldwide cosmopolitan pathogen with a large host range 
(Ray et al. 2010; Al-Saadoon et al. 2012; Chuang et al. 2012; Lan et al. 2012; Liu et al. 2012; 
Machado et al. 2012). 
Slippers and Wingfield (2007) and Arnold et al. (2001) discuss the importance of variables 
that may affect the presence of the Botryosphaeriaceae fungi in isolations from plant 
material.  These include the age of the material being collected, sampling season, and the 
size of the isolation units.  These are important observations which need to be considered 
during collections for accurate comparisons to be possible between different sites and points 
in time. Although the location was recorded during collection of parkinsonia samples, and 
all samples were from dieback affected plants, descriptions of environmental conditions and 
age of plants were not always recorded (particularly in survey collected samples).  Given 
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this, comparisons cannot be made between the conditions at the time of collection, however 
evidence drawn from these samples of the presence of Botryosphaeriaceae is indicative of 
their presence in parkinsonia across Northern Australia.  With more detailed collection 
details including the differences in conditions, the age of the plant and the seasons during 
collection of samples further conclusions may be drawn in the variation of occurrence and 
abundance of different species found across the different regions. 
Endophytes are able invade host tissue and survive for all or some of their lifecycle causing 
no symptoms of disease (Wilson 1995).  It is speculated that most, or possibly all 
Botryosphaeriaceae may have an endophytic stage due to the wide taxonomic distribution 
and endophytic nature of all species studied (Slippers & Wingfield 2007).  Many species of 
Botryosphaeriaceae rely on stress (commonly drought stress) for disease expression to 
occur (Schoeneweiss 1981; Ma et al. 2001; Slippers & Wingfield 2007).  Although the 
Botryosphaeriaceae compose a large part of the endophytic community,  the understanding 
of factors influencing their pathogenicity is relatively understudied and unclear (Slippers & 
Wingfield 2007).  Further testing would be required if a full understanding of these 
endophytes and their relationship to parkinsonia and its distribution are to be understood.  
Slippers and Wingfield (2007) suggest that Botryosphaeriaceae are successful at invading 
hosts in disturbed or non-optimal environments, stressed plants and when there is an open 
niche for endophytes, in this case an introduced weed species.  Other factors influencing 
infection may include inoculum pressure, competition from other endophytes and 
physiological or physical variation of the host influenced by the region in which it grows.  
Parkinsonia growing in marginally suitable environments may become susceptible to 
colonisation by Botryosphaeriaceae pathogens if conditions change, or, in cases where 
Botryosphaeriaceae are currently latent pathogens  plants may begin to show symptoms of 
disease (Coakley et al. 1999).   
Botryodiplodia theobromae (=Lasiodiplodia theobromae) has also been associated with 
dieback of Mimosa pigra another noxious weed of Northern Australia, this weed has a similar 
growth habit to parkinsonia.  Glasshouse trials using inoculum from isolations of dieback 
infected material fulfilled Koch’s postulates in a study carried out by Wilson and Pitkethley 
(1992). Studies involving both Lasiodiplodia and Cophinforma complex 
(Botryosphaeriaceae) resulted in seedling mortality when applied to M. pigra in controlled 
experiments (Sacdalan 2015).  Field and glasshouse trials using a variety of inocula 
including L. theobromae resulted in lesion development in juvenile and adult M. pigra, 
although plant death from dieback was not able to be replicated (Sacdalan 2015).  
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Observations of this dieback in Mimosa pigra suggest it also affects plants suffering from 
drought stress more readily, and possibly insect attack (Heard & Segura 2004).  The 
susceptibility of mango to Botryosphaeriaceae fungi has been studied, with suggestions that 
Mangifera indica (mango) which have been introduced to exotic habitats may not have the 
endophytes normally forming part of their native microflora.  This in turn may have affected 
the mango’s micro-ecology, increasing the colonisation of local endophytes which may have 
the potential for a pathogenic stage when conditions are suited (Sakalidis et al. 2011).  This 
may also be true in the case of parkinsonia, as being an introduced species in Australia 
(brought in by seed) it is not exposed to its native suite of endophytes, so may be more 
susceptible to Botryosphaeriaceae colonisation. 
No pathogens have been observed causing dieback in the native range of parkinsonia.  
Extensive sampling has been carried out over 76 sites, ranging through Mexico, Costa Rica, 
Venezuela, Guatemala, Brazil, Peru, Puerto Rico, Paraguay and Dominican Republic.  Fifty 
stems were cut open and examined for vascular staining and other symptoms at each site, 
with no symptoms evident (van Klinken et al. 2009a).  Although this was not a definitive 
study, it suggests the absence of dieback affecting parkinsonia in its native range.  This 
could lead to a number of assumptions as to why dieback has not been observed in the 
native range of parkinsonia while it is prevalent across Australia.  
1. The pathogens are not present in these observed areas and so parkinsonia has not 
co-evolved to form resistance in its introduced range. 
2.  The fungi are present in parkinsonia in its native range surviving as endophytes with 
conditions not suitable for disease expression. 
3. The fungi are present in its native range and do not colonise parkinsonia due to other 
endophytic organisms occupying the same niche (Slippers & Wingfield 2007) 
4. Other endophytic fungi surviving in a mutualistic state increase the plants resistance 
to attack by pathogens and protect parkinsonia from infection from dieback 
pathogens.  The latter has been observed in studies involving Theobroma cacao 
inoculated with commonly occurring endophytes which protected the plant from 
infection by a major foliar pathogen (Arnold et al. 2001).   
 
Further laboratory testing would be required to determine if in fact the discussed pathogens 
are in fact present as endophytes in the native range of parkinsonia to gain a full 
understanding of the relationship between these organisms and parkinsonia and dieback 
expression 
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 Ecology of parkinsonia dieback in a naturally occurring area 
4.1    Introduction 
Understanding the ecology of dieback, and the role it plays in the population dynamics of 
parkinsonia is crucial from a management perspective, to understand both the role that 
dieback can have in control strategies and to provide an insight into the timeframe involved 
in this disease process from infection through to plant death.  This is the first research to 
date to assess the temporal movement of parkinsonia dieback.  Transect sites were 
established at Koon Kool station (Figure 4-1) to monitor the natural progress of parkinsonia 
dieback through a well-established naturally occurring dieback affected site to gain an 
understanding of this disorder in its natural state.  Parkinsonia dieback has been observed 
in the study area for the past 60 years, with no other species showing dieback symptoms 
(Tony Kendall, 2006 Personal communication).  Due to this naturally occurring dieback, 
minimal control has been required in this location as parkinsonia trees are left to naturally 
succumb to dieback.  Observations in some areas of Koon Kool station suggest that dieback 
is capable of completely controlling parkinsonia populations, with very limited new seedling 
recruitment observed in dieback affected areas.  In cases where new plants do emerge, 
management efforts are not focused on these plants, as they appear to be serving as a host 
for the causal agent of dieback, possibly preventing any new major infestations.  However, 
some properties in the same region do not experience dieback naturally in parkinsonia, and 
control is necessary (Tony Kendall, 2006 Personal communication). 
The ecology and movement of plant diseases in stands of trees has largely been 
understudied at the landscape level (Castello et al. 1995; Jules et al. 2002).  The role of 
pathogens and their effect on landscape structure and composition differs from abiotic 
factors due to the selection of individuals which are affected (generally being less vigorous, 
or genetically unfit to withstand infection) (Castello et al. 1995; Gilbert 2002).  If a particular 
plant species within a plant community is susceptible to attack, pathogens could potentially 
control the occurrence of that particular species, especially when plants are killed before 
reproducing (Arnold et al. 2001).   
Dieback has been studied in a wide range of ecosystems and situations; the scope of studies 
varies greatly with differing causes, hosts, environments and interactions between these 
factors.  Many factors influence the rate of decline in a dieback affected area, and the overall 
impact it has on the plant community.  The heterogeneity of landscape features and host 
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characteristics between sites causes difficulties in the study of invasion processes and rates 
of development.  Because of the sizeable amount of data required to complete such studies, 
these factors are often ignored and a focus is given to sites with relatively homogenous 
landscape features and average host densities (Jules et al. 2002). 
Most studies do not focus on a single occurrence of dieback in a spatiotemporal context, but 
rather concentrate on surveying for presence of particular pathogens over a large (or 
focused) geographical range.  Examples of such surveys include the incidence of 
Hymenoscyphus pseudoalbidus causing Ash (Fraxinus excelsior L.) dieback across Europe.  
In 2010, 22 countries had symptoms of Ash dieback present, with most of these confirming 
the pathogen H. pseudoalbidus (anamorph Chalara fraxinea) to be involved (Timmermann 
et al. 2011).  Other studies often focus on once-off sampling for the presence of fungi in a 
dieback affected area (e.g. Phytophthora cinnamomi).  No studies could be found which 
focus on the decline of plant vigour over time in a dieback affected area to provide an 
understanding of the rate at which the dieback front moves through a stand of plants.  
This chapter presents the findings of a seven year study of a naturally occurring parkinsonia 
dieback site.  It was hypothesised that plant health would decline over time eventually 
leading to plant death, with minimal recruitment of new plants due to infection by dieback 
pathogens.  The aims of this study were a) to assess over time, the health of parkinsonia 
plants along two 50m X 8m transects to gain an understanding of the spatial disease model; 
and b) to collect parkinsonia samples for isolation and identification of fungi associated with 
disease processes observed at this site.  
4.2    Methods 
Two transects were established in June 2005 at Koon Kool Station, Hughenden, north QLD 
(Figure 4-1), a semi-arid area, receiving a typical annual rainfall of 450mm (Commonwealth 
of Australia 2015).  Hughenden experiences summers with a mean maximum temperature 
of 37°C in December, with cool winters and a mean minimum temperature of 9°C in July 
(Commonwealth of Australia 2016).  Transects were established primarily to monitor the 
movement of parkinsonia dieback in a site where dieback naturally occurs in a parkinsonia 
population over an extended period.  Secondly these transects would establish a general 
base line understanding of the time taken for an adult parkinsonia tree to be killed by dieback 
after the first observed signs of infection.  Observations of seedling recruitment in an area 
with a high inoculum load were also investigated through the monitoring of these transects.  
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Other sites on this station were known to have been completely be cleared of parkinsonia 
as a result of naturally occurring dieback, indicating that environmental conditions were 
favourable for dieback in this location.  It was anticipated that this site would provide suitable 
conditions for monitoring dieback movement through the parkinsonia stand in a relatively 
short timeframe.  Another advantage of this site was a clear dieback front moving through a 
stand to healthy parkinsonia which was sparse enough to allow easy access for monitoring.  
 
Figure 4-1: Location of Koon Kool station near Hughenden, north Qld (Google Earth  v7.1.2.2041 April 
10 2013).  Scale bar = 10 km 
 
The transects were established approximately 2km from the nearest creek (Figure 4-2) with 
each being 50m long and 8m wide. The dieback front appeared to move along the flood 
plain. The position of these transects were chosen to include both dieback affected plants 
and healthy plants. Transect 1 running at approximately 45° to the dieback front had plants 
of its northern most end showing signs of dieback while those at its southern most end were 
visibly healthy at commencement of this study.  Transect 2 (located south of Transect 1) ran 
almost parallel to the face of the dieback front (Figure 4-3).  Plants were identified, numbered 
and mapped at each point along the transect band, with the location of each plant along the 
transect being recorded.  Individual plants were assessed for presence or absence of 
dieback symptoms, living branch (a measurement of the amount of living branch material on 
the whole plant) and percentage of foliage cover on living part of the plant.  Percentages 
  
66 
were recorded on a scale of 0-10 (where 0=0%, 10=100%).  Measurements were taken in 
June 2005 & 2006, September 2007, June 2008 and September 2012. 
 
Figure 4-2: Transect location at Koon Kool Station, in relation to the closest water courses and road 
access (Google Earth v7.1.2.2041 July 13, 2013). Scale bar = 1 km 
 
 
Figure 4-3: Transect orientation at Koon Kool Station. Transect lines are 50m in length running in the 
general direction of East to West (Google Earth  v7.1.2.2041 April 23 2004a). 
Direction of 
dieback front 
travel 
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A final plant health rating scale was formulated to take into account both foliage cover and 
percentage of living plant.  This gave an overall categorical health rating of 0-110 (0 
indicating dead, and 110 indicating maximum vigour).  This was calculated using the formula 
(foliage cover + 1)*(living branch) with results grouped into 4 health categories of 0 (dead); 
1 (ratings 1-35); 2 (ratings 36-74); 3 (ratings 75-110).  A number of approaches to creating 
a plant health rating were trialled, including a linear approach. However, these did not 
accurately reflect what was seen in the field.  The categorical method was chosen so as to 
use the combined data of living plant percentage and foliage cover as this gave an accurate 
representation of the plants health.  The distance of dieback spread was also observed in 
each assessment. The origin point of dieback was considered as the single dead plant 
present in each transect at the time of trial establishment (Figure 4-8, Figure 4-10).  The 
distance of dieback spread in each transect was determined by calculating the average 
distance from the dieback origin point to each plant that had reached a rating 0 (dead).  
Plants already exhibiting a rating of 0 from previous assessments were not included in 
calculations.  
A Markov-Chain model (Microsoft Excel 2013) was created to predict the distribution of plant 
health groups within a parkinsonia population over a 25 year period.  Plant vigour ratings 
from 2005-2008 were used to create this model, excluding the final assessment data of 2012 
due to the time gap in assessments. 
Samples were taken along both transects during establishment of this study.  Twenty 
centimetre billets of a branch were cut and stored in paper bags until processing. Isolations 
were taken of stem samples using methods described in Chapter 3, 3.2   Identification of 
samples was achieved using either ITS sequencing or morphological methods (Chapter 3, 
3.2.3).  
4.3    Results 
4.3.1 Transects 
Satellite images captured in 2004 and 2013 (Google Earth  v7.1.2.2041 April 23 2004b, July 
13 2013) demonstrate a collapse in the parkinsonia population in the transect study area 
(Figure 4-4, Figure 4-5).  Individual plant health generally declined over consecutive years, 
with 98% of plants dying over the study period of 2005-2012 (Figure 4-6, Figure 4-7, Figure 
4-8 and Figure 4-10).  In no cases was recovery observed once a plant had reached a rating 
of 0 (indicating that it was dead). This shows that although vigour may improve slightly in 
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some plants from year to year, dieback was eventually lethal to affected plants.  In some 
cases this increase in vigour was a reflection of reshooting from the base of plants which 
were already in very poor health, subsequently, these secondary stems were found to be 
dead at the following assessment.  
The distance of dieback spread was calculated at an average of 16m from the origin point 
from 2005-2008 (Table 4-1).  Dieback observed in transect 1 steadily increased in distance 
from the origin point over time.  In the first year assessment of dieback movement, dieback 
distance from the origin point in transect 2 was already higher than at any time point in 
transect 1.  This continued to move further from point of origin in the second assessment, 
with distances reducing in following assessments (Table 4-1, Figure 4-8, Figure 4-10).   
Seedling germination was observed every year, with new plants generally germinating 
where an adult plant had recently died. In no cases was successful recruitment of a new 
population observed with seedlings dying before the next assessment period (Figure 4-9, 
Figure 4-11).  
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Figure 4-4: Satellite image of 50m transects at Koon Kool station one year before trial establishment 
(Google Earth  v7.1.2.2041 April 23 2004b)   
 
 
Figure 4-5: Satellite image of 50m transects at Koon Kool station one year after final assessment (2013) 
(Google Earth  v7.1.2.2041 July 13 2013).  Parkinsonia stand observed in 2004 no longer visible. 
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Figure 4-6: Transect 1 viewed at 0m (start of transect) at establishment in 2005 (a), and final 
assessment in 2012 (b). Note the obvious disappearance of parkinsonia plants from the background 
in the second photograph. 
 
 
a 
b 
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Figure 4-7: Transect 2 viewed at 0m (start of transect) at establishment in 2005 (a), and final 
assessment in 2012 (b). Note the reduced parkinsonia population in the second photograph. 
b 
a 
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Figure 4-8: Transect 1, Individual Plant Health from June 2005 to September 2008 with a final rating in 
2012.  Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
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Figure 4-9: Transect 1, Individual seedling recruitment and health rating from June 2005 to September 
2008 with a final rating in 2012.  Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 
75-110. 
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Figure 4-10: Transect 2, Individual Plant Health from June 2005 to September 2008 with a final rating 
in 2012.  Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
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Figure 4-11: Transect 2, Individual seedling recruitment and health rating from June 2005 to September 
2008 with a final rating in 2012.  Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 
75-110. 
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Table 4-1: Average distance (m) of dieback movement (plant death) from dieback point of origin in 
transects 1 and 2 over a 7 year study. Trial established June 2005. 
 
 distance travelled (m) 
Assessment Transect 1 Transect 2 
June 2006 6.4 16.5 
September 2007 11.2 26.8 
June 2008 12.7 24.6 
September 2012 14.8 17.8 
average 2006-2008 10.1 22.6 
average of both transects  
2006-2008 16.36 
 
Using the Markov-Chain model a steady decline of plant health is observed in a plant 
population.  Using a full population displaying a 100% vigour rating at time 0 (T0) the 
progression of reduced vigour is observed over 20 years.  At time point of 15 years (T15) 
99.5% of plants display a rating 0 (dead), with 100% mortality at T20 (Figure 4-12).  Using 
this model with 2008 actual values at T0 and comparing 2012 predicted and actual values 
a close match of percentages in each health category is seen, with slightly poorer health in 
the actual values demonstrated between the predicted and actual results (Figure 4-13). 
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Figure 4-12: Predicted vigour ratings of dieback affected plants over a period of 20 years (T0-T25) using 
Markov-Chain model. Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-100. 
 
Figure 4-13: Percentage of predicted and actual health ratings of plants 2008-2012 using Markov-Chain 
model. Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-100. 
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4.3.2 Isolate identification 
One out of 8 isolates confirmed the presence of Macrophomina phaseolina (Table 4-2), a 
species previously found to be lethal to parkinsonia seedlings  (Toh 2009).  Other species 
found have previously been tested for pathogenicity against parkinsonia seedlings with no 
relationship found (Toh 2009). 
 
Table 4-2: Identification of isolates retrieved from transect plants in Hughenden, QLD. 2005 
Transect Plant number Identification Method of ID Date collected 
T1 9 Kabatiella bupleuri ITS sequence 27/06/2005 
 24 Bagnisiella examinans ITS sequence 27/06/2005 
 1 Aspergillus niger morphologically 27/06/2005 
 50 Aspergillus niger morphologically 27/06/2005 
T2 9 Macrophomina phaseolina morphologically 27/06/2005 
 9 Phoma sp. morphologically 27/06/2005 
 36 Peyronellea curtsii morphologically 27/06/2005 
 19 Phoma sp. morphologically 27/06/2005 
4.4    Discussion 
Macrophomina phaseolina (Botryosphaeriaceae) was the only species with known 
pathogenicity on parkinsonia (Toh 2009) found to be present in the transects at the 
beginning of the trial.  Although this species was only found in 1/8 plants this could be 
attributed to a number of reasons. The sample size of affected plants may not have given 
an accurate representation of the fungi present in the area.  Other species that were found 
are fast growing (e.g. A. niger) and may have outcompeted other fungi in the samples 
preventing detection of the dieback causal agent. The stage in dieback may also have been 
a factor contributing to the scarcity of potential causal agents found.  Plants already affected 
by M. phaseolina (or any other undetected pathogenic fungi) may have since been invaded 
by saprophytes, resulting in isolations which no longer reflect the actual cause of the 
observed dieback.  Given that M. phaseolina was the only known pathogen found in this 
study known to cause disease in parkinsonia (Toh 2009), it will be the focus of this 
discussion.  
Botryosphaeriaceae fungi in woody hosts are predominately spread via horizontal 
transmission (i.e. spores) (Slippers & Wingfield 2007).  Macrophomina phaseolina generally 
produces a slimy spore mass from a pycnidium (Kaur et al. 2012).  This ‘wet’ spore mass 
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adheres to the host plant in wet periods, so infection is somewhat limited to local infection 
of surrounding plants, which are likely to be the offspring of the original host plant, and share 
genetic similarities (Slippers & Wingfield 2007), creating a slow moving progression of 
disease moving through a group of plants.  This trend of movement was observed in the 
study transects, with a disease front being observed to move at an average of 16m through 
the stand over a three year period.  The variation in distance travelled over the transect may 
be due to many factors including inoculum movement through the stand (flooding/stock 
movement), or plant susceptibility due to external factors caused by environmental 
conditions.  Flooding events are generally observed in the summer months at Koon Kool 
station, with the summer of 2008 and 2009 experiencing particularly high rainfall 
(Commonwealth of Australia 2015).  Plants which appeared healthy at establishment of the 
transects were either suffering from dieback or dead with 3 years.  Modelling of this data 
suggests that over 75% of the population in a stand of parkinsonia plants will be dead within 
5 years once dieback has established in the area.  Starting with a healthy population, this 
model suggests the number of plants displaying dieback will steadily increase until all plants 
are killed over a 20 year period.   
Macrophomina phaseolina is a primarily soil borne pathogen producing microsclerotia in the 
root and stem tissues of its infected hosts (Toh 2009; Kaur et al. 2012).  This source of 
inoculum can survive in the soil for up to 15 years depending on conditions, and may serve 
as a primary source of inoculum (Short et al. 1980).  The disease front observed moving 
through affected parkinsonia populations suggests that plants may be infected from direct 
contact with other infected plants, or at the least from infected plants bearing spores within 
close proximity.  Parkinsonia generally grows in dense stands with plants in very close 
proximity to each other (Deveze 2004).  Root contact would occur in these instances, 
suggesting that infected plants could easily pass on infection to neighbouring plants through 
direct contact (Burton and Chilvers, 1982).  Macrophomina phaseolina has been reported to 
indirectly penetrate through natural openings or wounds (Mayek-Pérez et al. 2002). Root 
wounds are likely to be common in parkinsonia, with cracking clays present on Koon Kool 
station and often prominent in other areas of parkinsonia infestation (personal observation), 
providing an entry wound for dieback fungi (Boyce 1961).  Dispersal may also occur via 
conidia, spreading over a larger area (Slippers & Wingfield 2007; Kaur et al. 2012), this may 
help account for movement within the region where seemingly ‘random’ parkinsonia plants 
exhibit signs of dieback (personal observation).   
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Despite some pathogens being widespread in occurrence, many are not likely to be uniform 
in distribution.  As parkinsonia seeds are spread long distances by flood waters (Deveze 
2004), it is possible they escape infection which would otherwise occur close to the parent 
plant in dieback affected areas.  Another significant agent of parkinsonia dispersal are cattle 
which can carry seed stuck to their coat in mud (van Klinken et al. 2009).  Circumstantial 
evidence which supports this theory are the observations of parkinsonia trees in close 
proximity to loading yards where cattle from other properties are received and seeds from 
infested grazing areas are dislodged.   
Seed dispersal of Platypodium elegans Vogel has been investigated to determine the effect 
of distance and density of plants on infection by pathogens.  It was found that the further 
from parent plants that seeds were dispersed the less likely they were to succumb to death 
caused by pathogens (Augspurger & Kelly 1984).  Augspurger and Kelly (1984) found that 
increased dispersal distance, decreased density and increased light levels and associated 
microclimates all reduced susceptibility to infection.  This may also help to explain dieback 
occurrence in some regions, while stands of parkinsonia located on other properties within 
the same region appear healthy with no apparent signs of disease infection.  
The occurrence of species can be controlled by naturally occurring plant pathogens (Dinoor 
& Eshed 1984), with re-generation being prevented if plants are killed before new 
generations are seeded.  This is especially important in a weed such as parkinsonia where 
seeds are readily dispersed through water movement in times of flooding, and may be 
carried to areas where dieback is not prevalent.  Observations in naturally occurring dieback 
areas provide valuable information on the effectiveness of this phenomenon in controlling 
parkinsonia.  Mature trees were observed, and so a high seed load could be expected in the 
soil in this area.  Small numbers of seedling emergence were observed in dieback affected 
areas, in comparison with healthy parkinsonia sites where blankets of seedlings are often 
seen to emerge (personal observation).  This indicates that seeds are affected by dieback 
either as dormant seeds or after they have imbibed. In instances where germination was 
observed, recruitment of a new generation was not evident, with all seedlings dying after 
emergence.  Macrophomina phaseolina infection has been documented to cause both pre 
and post emergent plant death (Kaur et al. 2012) and studies on parkinsonia seedlings  as 
well as the presence of this fungi at the dieback site could suggest this could be preventing 
a new generation surviving.   
Existing information on fungi affecting parkinsonia is limited to those isolated from seed, not 
necessarily causing disease (Sahu & Agarwal 2002).  Due to these limitations pathogens 
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causing dieback in other woody plants are considered in this thesis, to help explain the 
movement of dieback through parkinsonia stands.   
A large number of studies have been conducted investigating forest diebacks, as these are 
a major problem worldwide and have been known to cause major changes in Australian 
landscapes (Jurskis 2005).  In most cases these are caused by pathogens such as Armillaria 
sp. and Phytophthora cinnamomi.  Certain Fusarium species have also been recorded 
causing dieback in a large number of forest stands.  All of these agents infect plants by 
entering either through fresh root wounds or subterranean stomata (Abell & Gadek 2003).  
The first symptoms of dieback infection are not apparent as roots may slowly become 
affected, reducing water potential of the plant and transpiration.  Thus it is usually the 
secondary symptoms that we observe as dieback with death of foliage commencing from 
the tip of the plant, and ultimately resulting in death of the entire plant.  As the plant decays, 
propagules are potentially released into the soil or dispersed through water runoff 
(Amponsah et al. 2009) and are transported to surrounding plants initiating new infections.  
Due to its preference for riparian habitats parkinsonia, this is a possible method of propagule 
transmission between plants.   
Rapid decline in plant communities is often observed, causing a change in the natural 
composition of plant species in an existing community (Gilbert 2002).  Although pathogens 
are known to be responsible for much of this change and structure, this process remains 
largely understudied in naturally occurring environments (Castello et al. 1995).  
Understanding the spatiotemporal spread of dieback movement through a stand of 
parkinsonia is vital in gaining an understanding of its effect on parkinsonia populations.  The 
movement of dieback through two transects over time showed general decline in health of 
individual plants, leading to almost complete death of the parkinsonia community.  Individual 
plants in an ecosystem are directly affected by their neighbouring plants in a number of 
ways.  The neighbouring plants may compete for light, water, nutrients etc.; a canopy may 
provide shelter to particular individuals (Vacek & Leps 1996), or in this case may assist in 
the spread of inoculum.  A host-pathogen encounter rate is used to partially explain the 
movement of disease through a stand of plants.  This includes aspects of the environment 
such as the ever-changing number of hosts available for infection, distance the plant 
pathogen (propagules) need to travel between suitable hosts, the probability of transmission 
(depending on environmental requirements), and host vigour (Gilbert 2002).  Different host 
species, pathogen reservoir, and resistant species in the community also impact upon the 
spread of pathogens among plants (Holdenreider et al. 2004).   
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The dynamics of a species in a landscape is affected by a number of biotic and abiotic 
factors.  Plant pathogens play a key part in shaping a landscape and creating change(s) in 
plant population dynamics (Gilbert 2002; Holdenreider et al. 2004).  The movement, infection 
and symptom expression of these pathogens are greatly influenced by the vegetation 
structure and spread.  In turn the structure and spread of species within the landscape is 
greatly influenced by the presence or absence of plant pathogens (Holdenreider et al. 2004).  
There are a number of theories which try to explain the phenomenon of dieback or decline 
and its interaction with the host plant.  It is difficult to put a single cause to a dieback 
occurrence, as many factors contribute to decline (Landsberg 1988).  Different physical 
factors of a site influence susceptibility of a host to infection by a pathogen.  Holdenreider et 
al. (2004) reviewed studies carried out on a landscape scale of factors influencing spread 
and infection of P. cinnamomi.  The influence of aspect, slope, proximity to roads, average 
tree height, canopy cover, soil depth, drainage, altitude, soil moisture, and solar radiation 
were investigated.  Of all these factors only the latter three factors were found to influence 
infection rate.  This study focused only on one pathogen, however, it outlines some of the 
complexities possible when understanding the spread of a pathogen through a site.  
The ‘germ theory’ recognises a complex of interaction between the host plant, pathogen and 
environment (Farrow 1999; Smith 2004; Jurkis 2005).  Although these interactions are 
agreed upon, there is still debate as to whether the pathogens initiate the decline, or respond 
to it (Lowman & Heatwole 1992; Jurkis 2005).  In mixed species stands in forests, it has 
been observed that not all species are always affected by decline, even though many of the 
pathogens involved in these declines are not host specific (Housten 1992).  Drought stress 
is a common factor predisposing some species to attack by dieback pathogens, while other 
more drought tolerant plants remain symptomless.  Although the germ theory suggests that 
individual biotic agents may be purely responsible for dieback, this is often not the case, with 
other major changes being recognisable at the same time (e.g. environmental changes), 
providing a complex interaction between pathogens and other biotic or abiotic factors, with 
the pathogen either predisposing, inciting or contributing to the complex interactions that 
eventually cause plant death (Dinoor & Eshed 1984). 
The examples given all relate to dieback in natural plant populations.  The dynamics of 
dieback in an invasive plant situation may differ to these in some aspects.  Invasive plants 
generally have a high fecundity due to the absence of natural enemies.  However, as well 
as the absence of natural enemies, invasive plants may also be lacking in endophytes.  
Having not coevolved together, the absence of endophytes may increase the plants 
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susceptibility to pathogens it would normally have higher defence against.  This occurrence 
of protection from pathogens by endophytes has previously been found in studies involving 
Theobroma cacao (Arnold et al. 2001).  It is possible that the protective endophyte 
community in introduced parkinsonia differs to that in its native range, exposing it to invasion 
by dieback pathogens.  Müller-Schärer et al. (2004) hypothesised that biological control 
would be more efficient when invasive populations have low genetic variation.  It is possible 
that due to being an introduced species, the genetic variation of parkinsonia is less diverse 
compared to that of an established native plant population.  This may help explain the 
success of dieback related pathogens in parkinsonia, where surrounding native plants 
appear unaffected.   
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 Parkinsonia dieback field studies 
5.1    Introduction 
Dieback has been characterised by defoliation and progressive stem mortality of trees, with 
a range of potential causes including pathogens (Rice et al. 2004). Wounding of the plant 
may play a critical role in the establishment of successful infections by many pathogens, 
with a large range of methods used in formulation and inoculation techniques in biological 
control of weeds.  Many of these have been discussed in Chapter 2.  Studies of 
Botryosphaeriaceae fungi have determined that stress and wounding play a major role in 
infection success and disease expression (Schoeneweiss 1981; Ma et al. 2001a; Paoletti et 
al. 2001; Stanoz et al. 2001).   
In the natural environment, wounding may occur by disturbances such as grazing by cattle, 
fire, native and feral wildlife and flooding (Deveze 2004).  Root wounding may also occur in 
areas of reactive soils where expansion and contraction of clay soils cause cracking, thus 
damaging roots and providing an entry point for wound facultative pathogens such as 
Botryosphaeriaceae fungi.  Hot dry climates with seasonal flooding are a common 
characteristic of the environment where parkinsonia is generally found in both its native 
habitat of the Americas and Australian landscapes (van Klinken et al. 2009).  Parkinsonia 
can survive in areas with a broad range of rainfall (250-1400mm per annum) (van Klinken 
et al. 2009) and personal observations suggest drought stress is a common factor affecting 
parkinsonia and so may play a role in susceptibility to infection by dieback pathogens which 
may otherwise be unable to infect or cause disease symptoms in healthy stands of plants.   
A selection of fungal organisms associated with the dieback disorder in parkinsonia in 
Australia were used to develop techniques to bring about successful infection of parkinsonia 
plants and, especially, to determine their capability to cause disease symptoms under field 
conditions, thus replicating the natural dieback events seen in this plant species in various 
locations in the Northern Territory and Queensland. To assist in initial infection, wounds 
were created in the main stem of the plant by various methods, in an attempt to create the 
ideal environment for the pathogen to infect the surrounding tissue.  Parkinsonia is often 
found growing on cracking clay soil (personal observation) and so inoculation of wounded 
roots was also investigated to replicate damage that may be caused by the 
expansion/contraction of reactive soils.  Methods of inoculation were adapted from trial to 
trial as more experience provided insights into the obstacles and challenges faced with 
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working in harsh environmental conditions with fresh inoculum.  The following series of trials 
investigate the success of disease development and plant death using an inoculation 
technique developed using a range of approaches over a period of 3 years. 
5.2    Description of field sites 
Three locations were chosen for inoculation trials.  Newcastle Waters Station, Taemas 
Station and Hayfield Station (Figure 5-1) were selected due to offering large stands of 
healthy parkinsonia with no signs of naturally occurring dieback.  Each of these sites offered 
different characteristics.  
 
Figure 5-1: Location of field trial sites in Queensland and the Northern Territory (Google Earth  
v7.1.2.2041 April 10 2013). Scale bar = 150 km. 
 
5.2.1 Newcastle Waters (Trials NT-1 and NT-2) 
Newcastle Waters site is owned by Consolidated Pastoral Company and is located in the 
west Barkly region of the Northern Territory, covering 10,353 sq. km (Figure 5-1), receiving 
150km  
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an average annual rainfall of 500 mm (Commonwealth of Australia 2015b) with most rain 
generally falling in the summer months causing seasonal flooding. The site used for the two 
trials was mostly black cracking clays with some rocky outcrops on the edge.  Plants on the 
site were of a medium density (Figure 5-2), with a variety of ages from seedlings through to 
large full flowering plants, with no signs of dieback apparent on the site.  The trial sites were 
established around Lake Woods with previous flooding events evident with cattle tracks 
deep in the mud throughout the site.   
 
Figure 5-2: Newcastle Waters trial site 2005 
 
5.2.2 Taemas Station (Trials QLD-1 and QLD-2) 
Taemas station is located approximately 120km south of Charters Towers, Queensland 
(Figure 5-1).  Both trial sites were located in a stand of healthy parkinsonia trees where no 
dieback has previously been observed (Figure 5-3).  The site was located on grey cracking 
clay soil and followed the line of a creek bed.  Rainfall in the region typically averages at 
654mm annually (Commonwealth of Australia 2010), the period of the trial received an 
annual mean rainfall of 781 mm with a minimum of 458 mm in 2006 and a maximum of 
1043.2mm in 2008 (Commonwealth of Australia 2010), most of this occurring in the summer 
months.  In 2007 and 2008, unusually high rainfall was received in June and July 
respectively.  At the time of trial establishment, no parkinsonia plants on Taemas station had 
been observed showing signs of dieback.  
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Figure 5-3: Taemas trial site, 2006 
5.2.3 Hayfield Station (Trial NT-3) 
Hayfield station is located 30km east of the Stuart highway, Dunmarra, NT (Figure 5-1).  
Hayfield station averages 545 mm of rain annually, the trial period received an average 
annual rainfall of 670 mm (Commonwealth of Australia 2015a). The trial site is a flood plain 
on black soils experiencing seasonal floods in the summer months.  No signs of dieback 
were evident at the establishment of the trial.  Plants ranged from adults in full flower to 
juveniles, all appeared very vigorous (Figure 5-4) with no signs of water or other stress 
apparent.   
 
Figure 5-4: Hayfield trial site plants, 2006 
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5.3    Plant health measurements 
A plant health rating scale was formulated to combine a measure of both living branch 
material and foliage cover (as discussed in Chapter 4, Section 4.2 Methods).  This gave an 
overall categorical health rating of 0-110 (0 indicating dead, and 110 indicating maximum 
vigour).  Individual plants were assessed for living branch (a measurement of the amount of 
living branch material on the whole plant) and percentage of foliage cover on living part of 
the plant.  Percentages were recorded on a scale of 0-10 (where 0=0%, 10=100%).  This 
was calculated using the formula (foliage cover + 1)*(living branch) the results were then 
grouped into 4 categories of 0 (dead); 1 (ratings 1-35); 2 (ratings 36-74); 3 (ratings 75-110).  
A number of approaches to creating a plant health rating were trialled, including a linear 
approach. However, these did not accurately reflect what was seen in the field.  It was 
decided that although not as robust as using a linear model, the categorical method 
described using the combined data of canopy death and foliage vigour gave an accurate 
representation of the plants health.  Measurements of stem circumference (measured 10cm 
above soil level) were recorded at the time of inoculation.   
During trial establishment of NT-1 and QLD-1 individual plants were assessed for 
percentage of foliage cover (poor =1-30%, good 31-75% and very good 75-100%) and stem 
circumference, future assessments were completed using the rating scale described above.  
5.4    Data Analysis 
5.4.1 Plant health 
For all experiments, Pearson Chi-Square tests (Minitab Release 17) were used to analyse 
plant health data. A Wald comparison function was purpose built in Excel (Microsoft Office 
Professional Plus 2013) to determine significant differences between treatments in health 
ratings.  
Due to low data count of categories in some assessments, thus rendering the test invalid 
when using the original 3 classes, some data were grouped to allow for valid statistical 
analysis.  Instances where this occurred are outlined below (Section 5.4.3).  
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5.4.2 Lesion length 
For all experiments, lesion length was compared to inoculation treatment using a one-way 
ANOVA (Minitab Release 17). Tukey Pairwise Comparisons (Minitab Release 17) were used 
to determine significant differences between treatments with a confidence interval of 95%.  
Any data transformation is outlined in Section 5.4.3. 
5.4.3 Data grouping and Transformation 
For NT-1, Assessment 2: no health ratings below 40 were observed. Health ratings of 40-
50 grouped and health ratings 60 and above grouped for analysis.   
For QLD-1 (Taemas 1), Assessment 2: Categories 0, 1, and 2 combined due to a low 
average expected frequency in categories 0 and 1. 
For NT-2, Assessment 2: Categories 2, and 3 were combined due to a low average expected 
frequency in category 3. Lesion length data transformed using calculate loge (Lesion Length 
+ 1). 
For QLD-2, Assessment 1 and 2: Categories 1&2 were combined due to a low average 
expected frequency of category 1. Lesion length data transformed using log10. 
5.4.4 Transects 
For experiment NT-3, an xy value for each transect plant was established (taking into 
account latitude, longitude and earth curvature) and the distance to the closest inoculated 
plant in each treatment calculated. The CORREL function in Excel (Microsoft Office 
Professional Plus 2013) was used to determine the correlation between plant health of all 
transect plants in relation to each inoculum treatment.  P values were considered as 
significant with a confidence interval of <0.001 due to the size of the data rendering the test 
sensitive.  
5.5    Experiment NT-1 (Newcastle Waters) 
5.5.1 Trial aims 
The aim of this trial was to develop a method for inoculating field located parkinsonia plants 
with fungi that had been isolated from dieback affected parkinsonia plants for which 
pathogenicity had yet to be proven.  Different wounding techniques were used (stem scrape, 
root slash, hole drilled in stem) as well as unwounded treatments to establish a wounding 
method for successful inoculation. 
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5.5.2 Materials and Methods 
5.5.2.1 Preparation of inoculum 
Stem samples of parkinsonia displaying signs of dieback were obtained from the Northern 
Territory (Newcastle Waters station), courtesy of Colleen Westover. Inoculum was grown on 
PDA plates as outlined in Chapter 3, Section 3.2.2.  Two isolates NT002 (Macrophomina 
phaseolina) and NT003 (Phoma sp.), as well as a control of sterile water were used. Three 
full Petri dishes of each isolate were chopped into approximately 2mm2 pieces and 
transferred directly into a new (clean) clip seal bag.  This was then macerated through the 
bag using a grinding motion with the palm of the hand.  This material was decanted into a 
bottle and the bag was washed three times with sterile distilled water into the bottle.  The 
bottle was shaken for one minute and made up to approximately 1L in volume with the 
addition of sterile water (Figure 5-5).  Due to the remote location and lack of lab facilities a 
crude viability test was conducted rather than a germination count of conidia. Inoculum was 
tested for viability by pouring 1mL of inoculum onto the full surface of a PDA plate, this was 
incubated at 25°C until growth of the fungi was observed. 
 
Figure 5-5: Inoculum prepared for trial NT-1 (From left to right, NT003, NT002 and control of sterile 
water) 
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5.5.2.2 Trial design and inoculation of plants 
Plants for the trial were chosen to be of similar health, and approximate age in six blocks of 
20 plants.  The experimental design involved four wounding methods per block (stem 
scraping, root wounding, stem drilling and a non-wounded stem inoculation) (Table 5-1) 
randomly allocated to plants within a block, by five replicates each.  Each inoculum treatment 
(2) and control treatment of sterile water were applied to two entire blocks each.  This design 
was chosen rather than a randomised allocation of inoculum treatments within each block 
to minimise possible movement of introduced fungi between treatments.  Plants were 
identified by aluminium tree tags containing appropriate identification codes.  The trial was 
established on 14/04/2005 with a field temperature of 38°C and 27% relative humidity. 
 
Table 5-1: Wounding and inoculation methods used in Experiment NT-1 
Wound type Method 
Stem drilling 
(Figure 5-6 (a)) 
The main stem was drilled 10cm above soil level at approximately 
35-70° angle with 10 mm drill bit, to create a cavity in the stem 
tissue. 5 mL of inoculum or sterile water was immediately applied 
into the hole using a syringe. 
Root  wounding 
(Figure 5-6 (b)) 
Soil was removed from base of plant near the stem to expose a 
viable root approximately 3 mm in diameter/5 cm long.  The outer 
surface of root was scraped lightly to expose underlying tissues. 
40mL of inoculum or sterile water was immediately poured onto the 
wounded root, the hole then re-filled with soil covering the exposed 
root. 
Stem scraping 
(Figure 5-6 (c)) 
The stem of the plant was scraped 10cm from ground level with a 
sharp machete to remove outer bark and expose the underlying 
tissues   creating a wound  approximately 2cm wide/10cm long. 
Using a syringe, 5mL of inoculum or sterile water was immediately 
applied directly onto wound. 
Un-wounded 
stem inoculation 
(Figure 5-6 (d)) 
No wound. 40 mL of inoculum or sterile water was poured down the 
main stem of the plant 10cm above soil level. 
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Figure 5-6: Wounding an inoculation methods used in NT-1. Stem drilling (a); Root wounding (b); Stem 
scraping (c); Unwounded stem inoculation (d). 
 
5.5.3 Results 
All plants were rated with a health rating of 70 at the beginning of the trial (data not 
displayed).  A significant difference in plant health among inocula type was observed 
between all treatments 18 months after inoculation (Figure 5-7).  There was no significant 
difference between wounding method and inocula type (p=0.937).  Macrophomina 
phaseolina displayed visual differences between wounding methods and plant health in the 
field (Figure 5-8), however these did not prove to be significantly different (p=0.766). There 
were no visible lesions and no signs of dieback symptom development on any plants in this 
trial. Both cultures were found to be free from contamination and grew actively on the test 
plate, with growth observed within 2 days of incubation.  Due to an absence of any signs of 
lesions or development of dieback, samples were not taken from plants inoculated in this 
trial.  
 
a b 
c d 
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Figure 5-7: Experiment NT-1, percentage of parkinsonia plants exhibiting each health rating  following 
inoculation with M. phaseolina, Phoma sp. or control of sterile distilled water (all wounding methods 
combined) 7 months after trial establishment.  n=40. Different letters indicate a significant difference. 
C.I. =95%, p=0.000. Health categories: 0=dead, 1= ratings 1-49, 2= ratings 50-79, 3= ratings 80-110. 
 
 
Figure 5-8: Experiment NT-1, percentage of parkinsonia plants exhibiting each health rating  and the 
effect of wounding method in M. phaseolina inoculated plants 7 months after trial establishment, n=10. 
Different letters indicate a significant difference. C.I. =95%, p=0.771. 0=dead, 1= ratings 1-49, 2= ratings 
50-79, 3= ratings 80-110 
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5.5.4 Discussion 
Future studies determined M. phaseolina as pathogenic to parkinsonia plants (Toh 2009) 
and while a significant reduction in plant health was observed in M. phaseolina treatment, 
no external signs of infection or disease development were observed 7 months after 
inoculation.  It is possible that these effects were a block effect rather than a result of the 
inoculation.  As this was a pilot trial, and researchers involved were yet to easily identify  
disease symptoms as this a disease complex had not been previously reported in the 
literature.  It is possible that these were overlooked during the second assessment. 
However, due to the dry nature of the terrain and hot dry climate that parkinsonia tolerates, 
it is unlikely that the use of liquid inoculum (either in an open hole, or on the surface of the 
plant) would be appropriate during most times of the year.  As it is known that the isolates 
were viable at the time of the experiment, and as plants were wounded to encourage 
infection, it can be assumed that these inoculation methods were not appropriate to the 
prevailing conditions.  It is possible that this form of inoculum desiccated before colonising 
the plant.  While drilling may have offered a more robust method of inoculation, with fungi 
being placed directly inside the plant, with no sealant it is likely the inoculum evaporated and 
perished in the hot dry climate.  Slight differences were seen in the field and were reflected 
in the health ratings between wounding methods with the M. phaseolina treatment, however 
with the need to group plant health ratings for analysis these differences were not supported 
statistically.  To increase the likelihood of infection for future trials, consideration of the harsh 
climate would lead to improvement of the inoculation methodology. 
5.6    Experiment QLD-1 (Taemas) 
5.6.1 Trial aims 
The aim of this trial was to further develop the inoculation method used on parkinsonia in 
trial NT-1 (Section 5.5), and to determine if such improved inoculation techniques with any 
of the chosen isolates were capable of causing disease symptoms of dieback on parkinsonia 
under field conditions. 
5.6.2 Materials and Methods 
5.6.2.1 Preparation of inoculum 
Inoculum was grown on twice autoclaved white French millet seed (Panicum miliaceum).  
Seed was prepared by twice rinsing with distilled water followed by soaking for 24 hours in 
distilled water followed by a third rinse.  Approximately 50g of soaked millet was placed into 
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250mL Erlenmeyer flasks which were closed with a cotton wool bung and loosely capped 
with aluminium foil, allowing gas exchange.  Flasks were then autoclaved twice at 121oC for 
30 minutes, 24 hours apart.  Selected fungal isolates were grown on PDA.  While still actively 
growing approximately ¼ of a Petri dish of fungal culture was sliced into 5 mm squares and 
placed into the millet with enough sterile water to moisten. Flasks were shaken to mix the 
fungal culture through the millet.  These were incubated in darkness at 25°C for 14 days 
until fungi had completely colonised the millet grains (Figure 5-9 (a)).  Ten individual seeds 
of each treatment were plated onto water agar to assess for viability.  Only inoculum that 
was 100% viable was used.  Approximately 5g of millet inoculum was then rolled into 
‘cigarettes’ using a Cougar® brand cigarette rolling machine and TALLY-HO™ brand 
cigarette papers.  Between each isolate the working area and gloved hands were wiped with 
methylated spirits and a cleaned rolling machine was used.   
Two different isolates were used, QLD001 (Fusarium chlamydosporum var. fuscum) and 
QLD003 (Neoscytalidium novaehollandiae) as well as a control of autoclaved millet.  
Inoculum was used fresh, while still actively growing on the millet. ‘Cigarettes’ were rolled 
the night before trial inoculation (Figure 5-9 (b)) to minimise degradation of the cigarette 
paper due to moisture and continual growth of the test isolates. One inoculum ‘cigarette’ 
from each treatment was plated onto water agar to assess viability. 
 
 
Figure 5-9: Panicum miliaceum seed colonised with Neoscytalidium novaehollandiae (a); Ten freshly 
prepared inoculum ‘cigarettes’ ready for field inoculation of parkinsonia trees for experiment QLD-1 
(b) 
 
a b 
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5.6.2.2 Trial design and inoculation of plants 
Sixty plants of a similar age (average stem circumference 20cm ±7cm) and health were 
chosen from a medium density site.  Plants were grouped into six blocks of ten plants each, 
arranged in circles, with a centre peg GPS point mapped.  Hand drawn sketch maps were 
created to record the position of each plant in the block.  Plants were marked with matte red 
spray paint on a branch or stem at eye height and appropriately tagged.  Two wounding 
methods were used per block on five plants each, (stem and root, (Table 5-2), randomly 
allocated to plants within a block).  Each inoculation treatment was applied to two whole 
blocks each to avoid spread of fungal inoculum between treatments.  Plants were inoculated 
on 23/6/05 with further health assessments in June 2006, September 2007, and June 2008 
and 2009.  
 
Table 5-2: Wounding and inoculation methods used in Experiments QLD-1, QLD-2, NT-2 
Wound type Experiments  Method 
Root 
 
QLD-1 
NT-2 
 
Soil removed from base of plant to reveal one root 
approximately 3mm in diameter/5cm long.  Outer surface 
of root scraped. A ‘cigarette’ was placed alongside root, 
approximately 5mL of sterile water squirted onto 
‘cigarette’, hole then covered over with soil. (Figure 5-10 
(a)) 
Drill 
 
QLD-1 
QLD-2 
NT-2 
 
 
Stem drilled at approximately 35° angle with 6mm drill bit, 
10cm above soil level. A ‘cigarette’ was placed in the 
drilled hole followed by  approximately 5mL of sterile water 
squirted into hole The stem wrapped in Silver polyethylene 
(Duct) tape to seal wound.  (Figure 5-10 (b,c)).  In multi-
stemmed plants the largest stem was chosen for 
inoculation. 
 
 
 
 
  
 
Figure 5-10: Trial QLD-1, Inoculation method using root wound and 'cigarette'(a); Inoculation method 
using drill wound and 'cigarette'(b); Drill wound sealed with polyethylene tape (c) 
a c b 
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5.6.3 Results 
5.6.3.1 Viability testing 
Viability testing of individual inoculum seeds prior to trial establishment showed 100% 
viability with no signs of contamination.  The single inoculum ‘cigarette’ indicated good 
growth from each isolate, however slow growing bacterial contamination was evident in all 
treatments.  Fungal growth matching each isolate grew from Individually plated ‘cigarettes’, 
however bacterial contamination followed the lines of hyphae growing on the PDA plates 
suggesting that bacterial contamination of inoculum occurred during rolling of the ‘cigarettes’ 
and colonised the inoculum grains.  
5.6.3.2 Field assessment 
A significant difference was evident in plant health between the control and the two fungal 
treatments in assessment 2 (Figure 5-11), however no differences in health between any of 
the treatments were seen in any of the following assessments (Figure 5-12, Figure 5-13, 
Figure 5-14).  Assessment of stem lesion length showed a significant difference in wounding 
method x inoculation treatment interaction in assessment 2 (p=0.032), however no 
interaction was seen in any following assessments.  There was a significant difference in 
wounding method alone in assessments 2-4 (Figure 5-15, Figure 5-16, Figure 5-17). Stem 
wounded plants in both Fusarium chlamydosporum var. fuscum and Neoscytalidium 
novaehollandiae produced large lesions while control plants generally healed over with scar 
tissue sealing the wounds created by drilling (Figure 5-19).  The final assessment 4 years 
after inoculations showed a general healing of all lesions with no differences between any 
of the inoculation treatments or wounding methods (Figure 5-18). 
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Figure 5-11: Experiment QLD-1, percentage of parkinsonia plants exhibiting each health rating grouped 
by inoculum treatment 12 months after trial establishment, n=10.  Different letters indicate a significant 
difference. C.I. 95%, p= 0.031. Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 
75-110. 
 
 
Figure 5-12: Experiment QLD-1, percentage of parkinsonia plants exhibiting each health rating grouped 
by inoculum treatment 27 months after trial establishment, n=10.  Different letters indicate a significant 
difference. C.I. 95%, p= 0.168. Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 
75-110. 
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Figure 5-13: Experiment QLD-1, percentage of parkinsonia plants exhibiting each health rating grouped 
by inoculum treatment 36 months after trial establishment, n=10.  Different letters indicate a significant 
difference. C.I. 95%, p=0.752. Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 
75-110. 
 
 
Figure 5-14: Experiment QLD-1, percentage of parkinsonia plants exhibiting each health rating grouped 
by inoculum treatment 48 months after trial establishment, n=10.  Different letters indicate a significant 
difference. C.I. 95%, p=0.755. Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 
75-110. 
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Figure 5-15: Experiment QLD-1, average stem lesion length of root and stem wounded plants 12 
months after inoculation. Different letters indicate a significant difference. C.I. 95%, Inoculation 
treatment p= 0.025, wound method p= 0.001, inoculation*wound p=0.032. 
 
 
Figure 5-16: Experiment QLD-1, average stem lesion length of root and stem wounded plants 27 
months after inoculation. Different letters indicate a significant difference. C.I. 95%, Inoculation p= 
0.086, wound method p= 0.039, inoculation*wound p=0.365. 
 
a a
a
a
b
b
0
2
4
6
8
10
12
14
16
18
20
Control F. chlamydosporum
(QLD001)
N.novaehollandiae
(QLD003)
Av
er
ag
e 
le
sio
n 
le
ng
th
 (c
m
)
Treatment
Root wound Stem wound
a
a
a
a
a
a
0
2
4
6
8
10
12
14
16
18
20
Control F. chlamydosporum
(QLD001)
N.novaehollandiae
(QLD003)
Av
er
ag
e 
le
sio
n 
le
ng
th
 (c
m
)
TreatmentRoot wound Stem wound
  
104 
 
Figure 5-17: Experiment QLD-1, average stem lesion length of root and stem wounded plants 36 
months after inoculation. Different letters indicate a significant difference. C.I. 95%, Inoculation p= 
0.018, wound method p= 0.022, inoculation*wound p=0.089.  
 
 
Figure 5-18: Experiment QLD-1, average stem lesion length of root and stem wounded plants 48 
months after inoculation. Different letters indicate a significant difference. C.I. 95%, Inoculation p= 
0.291, wound method p= 0.186, inoculation*wound p=0.640.  
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a b c 
 
 
 
 
 
 
 
 
 
Figure 5-19: Experiment QLD-1, typical scar tissue and healing of wound (circled) of control treatment 
(a); Typical lesion caused by N. novaehollandiae stem wound inoculation (b); Typical lesion caused by 
Fusarium chlamydosporum var. fuscum stem wound inoculation (c). 
 
5.6.4 Discussion 
The use of ‘wet’ fresh inoculum proved to cause problems with the introduction of bacterial 
contamination.  Although cultures were pure when tested for viability before packaging for 
trials, the removal from clean laboratory conditions introduced contamination problems 
before inoculation of plants was carried out.  Although the fungal inoculum was still 
determined to be viable, bacterial contamination was evident and may have introduced 
competition when introduced into the plant.  The source of this bacteria is unknown, 
‘cigarettes’ were rolled in a clean environment however this was outside of laboratory 
conditions and bacteria may have been introduced from surfaces or hands.   
Albeit the presence of bacterial contamination, the establishment of fungal isolate 
colonisation in inoculated plants was still evident with large lesions forming in both Fusarium 
chlamydosporum var. fuscum and Neoscytalidium novaehollandiae treated plants.  Plants 
inoculated with N. novaehollandiae displayed large black lesions up and down the stem, 
with wood blackening and turning soft around the open inoculation point in stem wounded 
plants, suggesting degradation of the plant tissues, no callusing and healing of wounds was 
observed.  In F. chlamydosporum var. fuscum inoculated plants, large lesions formed with 
reddening of the stems on the outer margins of the lesions, drill holes remained open with 
no callusing over.  In some instances plants with multiple stems displayed lesions moving 
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from the base of the plant on unwounded stems as well as in original inoculated stem 
suggesting a systemic infection moving through the plant.  Control plants wounds displayed 
callusing and healing over of the wound site with minimal formation of lesions.  Plant health 
dropped significantly in Fusarium chlamydosporum var. fuscum and Neoscytalidium 
novaehollandiae inoculated plants one year after inoculation, however plants appeared to 
overcome this setback, with overall health showing no signs of significant difference 
between treatments in any subsequent assessments.  Wounding method had a significant 
effect on lesion length initially, however over time less of a difference was seen between 
treatments.  These trials suggest that stem wounding is an effective method of inoculation, 
with infection evident in both inoculated treatments.   
The inability to re-create the dieback symptoms may be due to a number of reasons.  Plants 
may not have been exposed to the same stresses as those at Koon Kool station where 
dieback has been observed actively killing parkinsonia plants.  Water stress has previously 
been suggested to predispose plants to attack by pathogens (Schoeneweiss 1983; Jacobi 
& Riffle 1989; Ragazzi et al. 1999; Ma et al. 2001b; Stanoz et al. 2001).  The period of the 
trial received an annual mean rainfall of 781 mm.  In 2007 and 2008, unusually high rainfall 
was received in June and July respectively (Commonwealth of Australia 2010).  The trial 
site at Taemas was set up alongside a water course, with plants not experiencing drought 
stress due to these reliable flows.  The absence of water stress may have assisted the plants 
in overcoming infection.  The existing endophytes were not determined, and may differ 
between sites, offering varying levels of protection against pathogens.  Examples of this 
interaction has been recognised in trials of disease development and presence of 
endophytes in Theobroma cacao (Arnold et al. 2001; Arnold et al. 2003).  Although the test 
fungi were able to colonise the parkinsonia trees, it is also possible that the dieback disease 
is caused by a complex of interactions between pathogens, and that individually do not 
cause further disease symptoms.  Finally, it is possible that it takes longer than four years 
for a plant to begin to show a reduction in vigour following infection and further assessments 
of these trials may have resulted in the development of typical dieback symptoms.  
 
  
107 
5.7    Experiment NT-2 (Newcastle Waters) 
5.7.1 Trial aims 
The aim of this trial was to further develop methods used to inoculate field plants in 
experiment QLD-1. Although lesions were observed and plants were beginning to show 
symptoms of dieback infection, this trial was prematurely abandoned after 10 months after 
it was treated with herbicide by station staff.  A final assessment of the plants was possible 
as the herbicide had been applied only three days before assessment, and had not begun 
to take significant effect beyond the leaf burn stage.  Due to the uncertainty over which 
plants had been sprayed, the trial was considered to be severely compromised, and no 
further assessments were conducted.  Stem samples were collected at the time of final 
assessment for further analysis in the lab. 
5.7.2 Materials and Methods 
5.7.2.1 Preparation of inoculum 
The use of wet inoculum used in previous trials proved to encourage bacterial 
contamination. This problem was overcome with the use of dry inoculum.  Other advantages 
with the use of dry inoculum included being able to pre make ‘cigarettes’ without the loss of 
integrity.  Inoculum was grown on white French millet as outlined in section 5.6.2.1.  Once 
fully colonised, millet inoculum was placed in open sterile Petri dishes (5mm deep), in the 
airflow of a laminar flow cabinet to dry. Inoculum was agitated daily to maintain an even 
dehydration.  Once completely dry inoculum was placed into sandwich size clip seal plastic 
bags and were broken up by macerating between the bag by hand until millet seeds were 
separated into individual grains.  Once dry inoculum was transferred to clip seal bags with 
silica gel sachets and sealed and kept in the dark until ready for use.   
Three different fungal isolates were used (NT039, Lasiodiplodia pseudotheobromae; 
NT031, Phoma sp.; NT027, Fusarium equiseti) as well as a 1:1:1 mix of all three fungal 
isolates and a control of autoclaved millet. These fungi were chosen to as they were isolated 
from dieback affected plants within the climatic region of this site location, as well as being 
commonly found in affected plants across other dieback regions (Chapter 3, Section 3.3.3). 
Viability was tested by plating ten individual seeds on PDA.  Only inoculum that proved 100% 
viable was used. This was rolled into ‘cigarettes’ using approximately 2g of millet inoculum 
as outlined in Section 5.6.2.1.  At the time of inoculation one inoculum ‘cigarette’ from each 
treatment was plated onto water agar to assess viability. 
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5.7.2.2 Trial design and inoculation of plants 
Ten blocks of plants were established in November 2005, with 10 plants per block.  Plants 
chosen were of equal health with a mean stem diameter of 17cm (±7cm) 10cm above ground 
level.  Two wounding treatments (root/stem, Table 5-2) were randomly allocated and applied 
to 5 plants each per block. Each inoculum treatment was applied to 2 entire blocks each. 
Inoculum treatments were applied to whole blocks, rather than a complete randomised 
design to avoid spread of inoculated fungi between plants.   
5.7.2.3 Confirmation of colonisation 
Successful colonisation by introduced fungi was determined with the collection of stem 
samples for analysis in the lab.  One stem billet (approx. 20cm long) was collected randomly 
from each treatment.  Stems chosen for sampling were those closest to ground originating 
from trunk, approximately 20mm diameter, samples were labelled with a permanent marker 
and bagged in paper bags, kept at 4°C until further processing.   Isolations were conducted 
following techniques described in Chapter 3, Section 3.2.2. Isolations were compared to 
original trial isolates for identification confirmation.  
5.7.3 Results 
Viability testing of each isolate indicated healthy vigorous growth with no contamination 
evident. All plants showed a similar health rating (categories 2-3) at trial establishment (data 
not displayed) with no significant differences found between plants (p=0.308). Wounding 
method showed no significant impact on plant health rating 10 months after inoculation 
(p=2.02) (data not shown), however inoculum type was found to have an impact with the 
mixed inoculum and Fusarium equiseti treatment reducing plant health significantly 
compared to the control (Figure 5-20, p=0.000).  Isolations taken 10 months after inoculation 
indicated the presence of Phoma sp. in all sampled plants. Fusarium equiseti was found in 
all stem wounded plants, as well as the mix, F. equiseti and control treatments of root 
wounded plants (Table 5-3).  Lasiodiplodia pseudotheobromae was recovered from both the 
mix and L. pseudotheobromae treatments in both stem and root wounded plants, but was 
not evident in any other treatments (Table 5-3).  
Assessment of stem lesion length showed a no significant difference in wounding method x 
inoculation treatment interaction (data not shown) (p=0.518).  There was a significant 
difference in wounding method alone (Figure 5-21) p=0.000.  Lasiodiplodia 
pseudotheobromae and Phoma sp. produced lesions significantly larger than all other 
treatments (Figure 5-22), p=0.000.  
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Figure 5-20: Experiment NT-2, percentage of parkinsonia plants exhibiting each health rating 10 
months after inoculation, n=20.  Different letters indicate a significant difference. C.I. 95%, p=0.000. 
Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
 
Figure 5-21: Experiment NT-2, average stem lesion length of wounded plants 10 months after 
inoculation (all inoculation treatments combined).  n=50.  Different letters indicate a significant 
difference. C.I. 95%, p=0.000. 
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Figure 5-22: Experiment NT-2, average stem lesion length treatment plants 10 months after inoculation 
(both wounding methods combined).  n=20.  Different letters indicate a significant difference. C.I. 95%, 
p=0.000.  
 
 
Table 5-3: Experiment NT-2, results of isolations taken 10 months after inoculation for root and stem 
inoculated plants. ✓ indicates successful isolation.  
Root wound Treatment 
Isolation result control Mix L. pseudotheobromae F. equiseti Phoma sp. 
Phoma sp. ✓ ✓ ✓ ✓ ✓ 
L. pseudotheobromae  ✓ ✓   
F. equiseti. ✓ ✓  ✓  
 
Stem wound Treatment 
Isolation result control Mix L. pseudotheobromae F. equiseti Phoma sp. 
Phoma sp. ✓ ✓ ✓ ✓ ✓ 
L. pseudotheobromae  ✓ ✓   
F. equiseti. ✓ ✓ ✓ ✓ ✓ 
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5.7.4 Discussion  
While inoculation technique had no significant impact on overall plant vigour, different 
inocula treatments were beginning to show signs of reduced health and differences in lesion 
length 10 months after inoculation.  Although large lesions may be visible in instances such 
as for the L. pseudotheobromae inoculated plants, it appears that this has no significant 
bearing on plant health within the 10 month period, with no differences observed between 
the control treatment and L. pseudotheobromae.  This is possibly due to different infection 
mechanisms of the different pathogens producing different external symptoms on the plant. 
While these may be superficial lesions they a good indication that infection was successful, 
and had the trial been able to run for a number of years, it may have offered a better 
understanding of the dynamic process of infection, and eventually plant death. 
Lasiodiplodia pseudotheobromae was only reisolated from plants in which it was introduced 
(in both pure culture inoculation and mix culture inoculation).  In both stem and root wound 
treatments Phoma sp. was isolated from all plants sampled. In stem wound treated plants 
Fusarium equiseti was isolated from all plants sampled and the control plant in root wound 
treatment plants.  This would suggest the latter two fungi are endophytes already present in 
the plants at this site and not the cause of dieback symptoms and lesions.  The large lesion 
length in stem wounded Phoma sp. treated plants is not explained by this theory, as previous 
studies suggest this fungus is not pathogenic to parkinsonia.  This could possibly be due to 
the large inoculum dose introduced to the plant combined with the wound treatment, 
triggering a disease process which would not normally occur in intact plants.  Cross infection 
by L. pseudotheobromae is less likely to explain the lesions in other treatments due the 
absence of this fungi in isolations. 
5.8    Experiment QLD-2 (Taemas) 
5.8.1 Trial aims 
The aim of this trial was to further develop methods used in earlier field trials across Northern 
Australia, and assess change in plant health of plants inoculated with dieback related fungi.    
5.8.2 Materials and Methods 
5.8.2.1 Preparation of inoculum 
Inoculum was grown and dried on white French millet, then rolled into ‘cigarettes’ as outlined 
in Section  5.7.2.1.  Four different pathogens were used (QLD009, Phoma macrostoma; 
NT039, Lasiodiplodia pseudotheobromae; QLD001, Fusarium chlamydosporum var. 
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fuscum; QLD003, Neoscytalidium novaehollandiae) as well as a mix of all isolates, and a 
control of autoclaved white French millet seed.  These isolates were chosen to further test 
those already used on the same site with improved inoculation technique, as well as to 
introduce trial a commonly occurring Phoma species isolated from a plant within the local 
climatic region (Chapter 3).  NT039, Lasiodiplodia pseudotheobromae was also included 
due to its presence in dieback affected plants across all regions (Chapter 3) and success in 
causing disease in preliminary trials investigating pathogenicity towards parkinsonia 
seedlings (Toh 2009).  
5.8.2.2 Trial design and inoculation of plants 
Six blocks of plants of similar size (mean stem diameter of 16cm (±4cm) 10cm above ground 
level) and health were established, with 10 plants per block.  Each inoculum treatment 
(Section 5.8.2.1) was randomly assigned to two blocks and applied to five plants in each, 
resulting in two inoculum treatments per block. This was moved to a split plot design to 
improve experimental design compared to previous trial designs of a single inocula 
treatment per block.  A centre point was GPS mapped for each block, with individual plants 
then mapped in relation to this and recorded on a hand sketched map.  Each plant was 
marked with ‘mailbox red’ spray paint, and tagged appropriately.  Plants were inoculated 
with stem wounds only, as described in Table 5-2.  One inoculum ‘cigarette’ from each 
treatment was plated onto water agar to assess viability.  
5.8.2.3 Assessment of plants 
Plants were rated for health using a multifaceted scale and lesion length as described in 
Section 5.3.  Assessments of plant health and lesion length were completed in June 2006, 
September 2007 and June 2008 following trial establishment in February 2006. 
5.8.3 Results 
All viability testing proved positive and pure, with no fungal or bacterial growth observed in 
the control ‘cigarette’. All plants rated with a health rating of class 2 (36-74) or 3 (75-110) at 
trial establishment with no significant differences between treatments (data not displayed). 
All plants displayed evidence of colonisation by fungal pathogens, with externally visible 
lesions forming after the first four months of inoculation (Figure 5-23, p=0.003) and slowly 
reducing in length over the assessment period (Figure 5-24, p=0.003, Figure 5-25, p=0.003).  
No treatments displayed health reduction or lesions significantly larger than the control 
within the first two years of assessment (Figure 5-27, p=0.078, Figure 5-28, p=0.446), 
however, a significant difference in overall health of inoculated plants was observed 2.5 
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years after inoculation with Neoscytalidium novaehollandiae and mix of all fungi being the 
only treatments to show a difference to control plants (Figure 5-29, p=0.001).  These also 
were the only two treatments with any evidence of lesion three years after inoculation.  No 
plant death was observed during the trial period.   
 
 
Figure 5-23: Experiment QLD-2, Average stem lesion length of stem inoculated plants, 4 months after 
inoculation. Different letters indicate a significant difference.  n=10, C.I. 95%, p=0.003. 
 
 
 
Figure 5-24: Experiment QLD-2, average stem lesion length of stem inoculated plants, 16 months after 
inoculation. Different letters indicate a significant difference. n=10, C.I. 95%, p=0.003. 
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Figure 5-25: Experiment QLD-2, average stem lesion length of stem inoculated plants, 28 months after 
inoculation. Different letters indicate a significant difference. n=10, C.I. 95%, p=0.003. 
 
 
Figure 5-26: Experiment QLD-2, typical stem lesions 16 months after inoculation.  Control (a); Mix 
(NT039, QLD001, QLD003, QLD009) (b); Lasiodiplodia pseudotheobromae (NT039) (c); Fusarium 
chlamydosporum var. fuscum (QLD001) (d); Neoscytalidium novaehollandiae (QLD003) (e); Phoma 
macrostoma (QLD009) (f). 
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Figure 5-27: Experiment QLD-2, percentage of parkinsonia plants exhibiting each health rating and the 
effect of stem wounding method in inoculated plants, 4 months after inoculation. n=10. C.I. 95%, 
p=0.788.  Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
 
Figure 5-28: Experiment QLD-2, percentage of parkinsonia plants exhibiting each health rating and the 
effect of stem wounding method in inoculated plants, 16 months after inoculation. C.I. 95%, n=10. p= 
0.446.  Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
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Figure 5-29: Experiment QLD-2, percentage of parkinsonia plants exhibiting each health rating and the 
effect of stem wounding method in inoculated plants, 28 months after inoculation. C.I. 95%, n=10. p= 
0.001. Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
 
5.8.4 Discussion 
The use of dry inoculum provided a means for effective colonisation of fungi in all treatments; 
this was confirmed by the presence of lesions four months after inoculation.  Control plants 
also showed evidence of lesions; however this may have been an initial physical reaction to 
the wounding which quickly subsided in following assessments.  It is possible that the 
presence of lesions in N. novaehollandiae and Mix inoculum treated plants in the final 
assessment was related to the decline in plant health, as no other treatments showed 
evidence of lesions or a significant difference in health ratings when compared to the control 
at this stage in the trial.  Neoscytalidium novaehollandiae and L. pseudotheobromae have 
previously been  found to cause disease in parkinsonia seedlings (Toh 2009).  Health ratings 
were not expected to show a decline immediately, with a period of time required following 
colonisation before an impact on plant health would be evident.  No plant death was 
observed, however no assessments were taken after 2.5 years following inoculation, and 
plant death may have occurred following this.  
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5.9    Experiment NT-3 (Hayfield) 
5.9.1 Trial aims 
The aim of this trial was to use the successful inoculation methods developed in earlier field 
trials on a new site with differing characteristics with prospect of triggering a disease event.   
5.9.2 Materials and Methods 
5.9.2.1 Preparation of inoculum 
Inoculum was grown on millet, dried and rolled into ‘cigarettes’ as outlined in section 5.7.2.1.  
Four different fungi were used (NT039, Lasiodiplodia pseudotheobromae; NT031, Phoma 
sp.; NT027, Fusarium equiseti; and QLD003, Neoscytalidium novaehollandiae) as well as a 
mix of all four fungi and a control of autoclaved millet.  These isolates were chosen to further 
test their ability to cause dieback symptoms in a different region following their assessments 
in other trial sites.  One ‘cigarette’ from each treatment was plated onto water agar to assess 
for viability.  
5.9.2.2 Inoculation of plants 
Plants chosen were of equal health with a mean stem diameter of 34.8cm (±17cm) 10cm 
above ground level. Ten blocks of plants with six plants in each were established (Figure 
5-30, Figure 5-31).  A more traditional complete randomised design was chosen for this trial.  
A full set of the six inoculum treatments (NT039, NT031, NT027, QLD003, mix of all fungi 
(NT039, NT031, NT027, QLD003) and a control of autoclaved millet) were randomly 
allocated to a plant each within each block. A centre point was GPS marked for each block, 
with individual plants GPS mapped surrounding this. Individual trial plants were marked with 
‘mailbox red’ spray paint at eye height and numbered with cattle tags for easy identification. 
Due to the larger size of the plants the inoculation method was modified slightly compared 
to previous trials. Plants were inoculated by drilling a 7mm hole at 20cm above ground level 
with a cordless drill, approximately 8cm deep at a 45 downwards facing angle. One inoculum 
‘cigarette’ was placed in this hole followed by a squirt of water (bottled drinking water) with 
polyethylene tape (Duct tape) wrapped around the tree trunk to seal the wound.   
5.9.2.3 Assessment of plants 
Plants were rated for health at time of inoculation (18/09/06). Further assessments for health 
were completed in June 2007, June 2008 and November 2009. Health was assessed using 
a multifaceted rating as described in Section 5.3.  Lesion length was recorded during the 
second assessment (as described in Section 5.3). Lesion length was not measured in 
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following assessments due to difficulties determining lesions with a layer of mud dried on 
the plants following a flooding event.   
5.9.2.4 Transects 
Due to the death of control plants in this trial, seven transects were established through the 
site to help determine if the cause of death in this area was related to a dieback epidemic 
caused by the inoculation of plants in the area with dieback pathogens, or another unrelated 
cause.  Transect lines were run between two points with five of these crossing through 
treatment blocks and into un-inoculated plants. The remaining two sites were randomly 
selected on the GPS to occur in areas away from any treatment blocks (Figure 5-32). Six of 
the transects were 50 m in length, and one transect 20 m in length by due to the small 
isolated population of parkinsonia this ran through.  The start and end of each transect was 
GPS mapped, and each plant found 2 m either side of the plant was mapped and rated for 
health using the multifaceted rating scale described in Section 5.3.  Transects were 
assessed at 21 months following trial establishment of inoculated plants (June 2008) and 17 
months later (November 2009).  As all plants were not individually tagged or marked during 
the first assessment it was not possible to directly compare individual plant health in 
consecutive years. Plant health data was mapped in relation to inoculated plants, and 
correlations of plant health in relation to inoculated plants were conducted as outlined in 
5.4.4. 
5.9.2.5 Confirmation of colonisation 
Successful colonisation by introduced fungi was determined with the collection of stem 
samples for analysis in the lab from both trial and transect plants in 2008.  Stems billets 
(approx. 20cm long) were collected from each inoculated plant, as well as a plant at every 
ten meters along each transect.  Secondary stems chosen for sampling were those closest 
to ground originating from the main trunk, approximately 20mm diameter, samples were 
labelled with a permanent marker and bagged in paper bags, kept at 4°C until further 
processing was possible.   Isolations were conducted following techniques described in 
Chapter 3, Section 3.2.2.  Isolations were compared to original trial isolates for identification 
confirmation.  
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Figure 5-30: Trial layout at Hayfield station.  Blocks A-J. Each block consists of a full set of five inocula 
treatments and a control. 
 
 
Figure 5-31: Aerial view of trial site NT-3, showing approximate location of blocks A-J (excluding I).  
Photo Credit Vic Galea. 
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Figure 5-32: Experiment NT-3 transect positions (1-7) in relation to inoculated trial plants  
 
5.9.3 Results 
5.9.3.1 Plant health ratings 
All plants were in good health at trial establishment (categories 2 and 3) with no significant 
differences between plant health (data not presented, p=0.718).  There were no significant 
differences found in plant health between inoculation treatments in any of the assessments 
at nine, 21 and 38 months after trial establishment.  However, there was an overall decline 
in plant health in the experimental plants over this period (Figure 5-33, Figure 5-34, Figure 
5-35).  Plants with a rating of 0 (dead) (Figure 5-36 (a)) generally displayed blackening of 
wood and peeling away of bark from the trunk of the plant (Figure 5-36 (b)). Plants outside 
of inoculated areas were observed to not exhibit the same degrees of reduction in health 
(Figure 5-36 (a,c)). 
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Figure 5-33: Experiment NT-3, comparison of percentage of plants displaying each health grouping for 
each inoculation treatment at second assessment, 9 months after trial establishment. Different letters 
indicate a significant difference. C.I. 95%. p=0.461. Health categories: 0=dead, 1= ratings 1-35, 2= 
ratings 36-74, 3= ratings 75-110. 
 
 
Figure 5-34: Experiment NT-3, comparison of percentage of plants displaying each health grouping for 
each inoculation treatment at third assessment, 21 months after trial establishment. Different letters 
indicate a significant difference. C.I. 95%. p= 0.716. Health categories: 0=dead, 1= ratings 1-35, 2= 
ratings 36-74, 3= ratings 75-110. 
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Figure 5-35: Experiment NT-3, comparison of percentage of plants displaying each health grouping for 
each inoculation treatment at fourth assessment, 38 months after trial establishment. C.I. 95%, p= 
0.378. Different letters indicate a significant difference.  Health categories: 0=dead, 1= ratings 1-35, 2= 
ratings 36-74, 3= ratings 75-110. 
 
 
 
Figure 5-36: Experiment NT-3.  Plant health 21 months after trial establishment.  Plant inoculated with 
Lasiodiplodia pseudotheobromae showing rating scale 0 (dead) note un-inoculated healthy plants in 
background (a); Inoculated plant displaying wood blackening and peeling away of bark (b); Healthy 
plants outside of inoculated trial area (c). Photo Credit Vic Galea. 
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5.9.3.2 Lesion length 
Significant differences were found in treatment lesion lengths for assessment 2 (Figure 
5-37). Lasiodiplodia pseudotheobromae exhibited large wounds which were significantly 
different when compared to all treatments. Neoscytalidium novaehollandiae and the mix 
treatment were significantly different to all other treatments with wounds smaller than L. 
pseudotheobromae, however still very prominent. Control, Phoma sp. and F. equiseti 
displayed minimal evidence of lesions.   
 
 
Figure 5-37: Experiment NT-3, comparison of external stem lesion length between treatments 9 months 
after trial establishment. Different letters indicate a significant difference. C.I. 95% p= 0.000. 
 
5.9.3.3 Transects 
Individual plants along seven transects were mapped in relation to inoculated plants to 
observe the spread of plant health ratings in relation to inoculated plants (Figure 5-38 to 
Figure 5-51). Twenty one months after trial establishment transects showed a significant 
positive correlation between distance to nearest trial plant and plant health in all treatments.  
A follow up assessment of these transect 17 months later (38 months after trial 
establishment) showed there was no correlation between plant health and distance to 
nearest trial plant in any treatments (Table 5-4). A confidence interval of 0.001 was used 
due to the large amount of data influencing sensitivity. 
c c
a
b
b
c
0
2
4
6
8
10
Control F.equiseti (NT027) L.
pseudotheobromae
(NT039)
Mix (NT027, NT039,
QLD003, NT031)
N. novaehollandiae
(QLD003)
Phoma sp. (NT031)
le
sio
n 
le
ng
th
 (c
m
)
Treatment
  
124 
 
 
 
 
Figure 5-38: Experiment NT-3, individual plant health ratings along transect 1 (50m) in relation to 
inoculated trial plants in block I (health ratings not shown), 21 months after trial establishment.  Health 
categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
 
 
 
Figure 5-39: Experiment NT-3, individual plant health ratings along transect 1 (50m) in relation to 
inoculated trial plants in block I  (health ratings not shown), 38 months after trial establishment.  Health 
categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
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Figure 5-40: Experiment NT-3, individual plant health ratings along transect 2 (50m) in relation to 
inoculated trial plants in blocks D, E and F (health ratings not shown), 21 months after trial 
establishment. Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
 
 
 
Figure 5-41: Experiment NT-3, individual plant health ratings along transect 2 (50m) in relation to 
inoculated trial plants in blocks D, E and F (health ratings not shown), 38 months after trial 
establishment. Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
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Figure 5-42: Experiment NT-3, individual plant health ratings along transect 3 (50m) in relation to 
inoculated trial plants in blocks A and B (health ratings not shown), 21 months after trial establishment. 
Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
 
 
 
Figure 5-43: Experiment NT-3, individual plant health ratings along transect 3 (50m) in relation to 
inoculated trial plants in blocks A and B (health ratings not shown), 38 months after trial establishment.  
Health categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
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Figure 5-44: Experiment NT-3, individual plant health ratings along transect 4 (50m) in relation to 
inoculated trial plants in block C (health ratings not shown), 21 months after trial establishment. Health 
categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
 
 
 
Figure 5-45: Experiment NT-3, individual plant health ratings along transect 4 (50m) in relation to 
inoculated trial plants in block C (health ratings not shown), 38 months after trial establishment. Health 
categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
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Figure 5-46: Experiment NT-3, individual plant health ratings along transect 5 (50m) in relation to 
inoculated trial plants in block J (health ratings not shown), 21 months after trial establishment.  Health 
categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
 
 
 
Figure 5-47: Experiment NT-3, individual plant health ratings along transect 5 (50m) in relation to 
inoculated trial plants in block J (health ratings not shown), 38 months after trial establishment. Health 
categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
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Figure 5-48: Experiment NT-3, individual plant health ratings along transect 6 (50m) in relation to 
inoculated trial plants in block D (health ratings not shown), 21 months after trial establishment. Health 
categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
 
 
 
Figure 5-49: Experiment NT-3, individual plant health ratings along transect 6 (50m) in relation to 
inoculated trial plants in block D (health ratings not shown), 38 months after trial establishment. Health 
categories: 0=dead, 1= ratings 1-35, 2= ratings 36-74, 3= ratings 75-110. 
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Figure 5-50: Experiment NT-3, individual plant health ratings along transect 7 (20m) established away 
from inoculated trail plants, 21 months after trial establishment. Health categories: 0=dead, 1= ratings 
1-35, 2= ratings 36-74, 3= ratings 75-110. 
 
 
 
Figure 5-51: Experiment NT-3, individual plant health ratings along transect 7 (20m) established away 
from inoculated trail plants, 38 months after trial establishment. Health categories: 0=dead, 1= ratings 
1-35, 2= ratings 36-74, 3= ratings 75-1 
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Table 5-4: Experiment NT-3, correlation between distance of nearest inoculated plant and plant health 
rating of individual plants in transects, 21 months (2008) and 38 months (2009) after inoculation.   
 2008 2009 
Code  Treatment r value p value r value p value 
QLD003 N. novaehollandiae 0.1939 0.0000 -0.0660 0.1038 
NT039 L. pseudotheobromae 0.2026 0.0000 -0.0680 0.0939 
NT027 F. equiseti 0.1986 0.0000 -0.0586 0.1493 
NT031 Phoma sp. 0.2067 0.0000 -0.0775 0.0563 
Control Autoclaved millet seed 0.2193 0.0000 -0.0860 0.0339 
Mix QLD003, NT039, NT027 & 
NT031 
0.2189 0.0000 -0.0844 0.0375 
 
5.9.3.4 Isolations 
Neoscytalidium novaehollandiae was found in each treatment of inoculated plants with a 
total occurrence of 45% in plants sampled. This species was also found across all transect 
sites and in 88% of isolations taken from transect plants. Phoma sp. was the only other 
species to be found in all treatments of trial plant samples (58% of total), however only one 
plant across the whole site yielded Phoma sp. in transect isolations (3% of total).  
Lasiodiplodia pseudotheobromae was found in 13% of sampled trial plants in all treatments 
excluding N. novaehollandiae and Control, and 58% of transect plants. Fusarium equiseti 
was found in 12% of trial plants (excluding L. pseudotheobromae and control treatments) 
and all transect sites in 16% of sampled transect plants (Table 5-5, Table 5-6).   
 
Table 5-5: Experiment NT-3, Percentage of occurrence of fungi found in isolations taken from 
individual inoculated plants in each treatment, 21 months after trial establishment. n=60 
 Isolation result 
Treatment N. novaehollandiae L. pseudotheobromae F. equiseti Phoma sp. 
N. novaehollandiae 40%   10% 80% 
L. pseudotheobromae 20% 10%   90% 
F. equiseti  50% 20% 10% 50% 
Phoma sp. 30% 20% 10% 60% 
Control 50%     40% 
Mix 80% 30% 40% 30% 
 
  
132 
Table 5-6: Experiment NT-3, Percentage of occurrence of fungi found in isolations taken from 
individual plants non inoculated plants in each transect (1-7), 21 months after trial establishment.  
 
5.9.4 Discussion 
A general decline in plant health was observed over the three year study period, with a high 
proportion of plants dead at the final assessment.  There was no significant difference 
between treatments, however, it must be noted that all plants in the trial had wounds due to 
drilling providing an open infection point.  Following inoculation flooding of the trial site 
occurred, which may have facilitated cross contamination into control plants by the 
introduced fungi. Transmission between plants may also have occurred with root to root 
contact and cracking clay soil causing wounds for pathogen entry. Isolations taken in 2008 
confirmed the presence of N. novaehollandiae and L. pseudotheobromae throughout the 
site both in inoculated plants (including control) and un- inoculated transect plants.  Lesion 
length played no direct role in plant health ratings with L. pseudotheobromae and F. equiseti 
displaying the largest visible lesions, however both these treatments displayed little change 
in plant health compared to other treatments. Toh (2009) found F. equiseti to cause no sign 
of disease development in parkinsonia seedlings. The presence of Lasiodiplodia 
pseudotheobromae and Neoscytalidium novaehollandiae had been found to be pathogenic 
to parkinsonia in Toh’s trials.  These were both found in isolations of trial and transect plants 
at Hayfield, indicating they may have a direct role either individually or as a disease complex 
in parkinsonia dieback disease.  
The establishment of unwounded control plants was overlooked as previous trials had 
shown no obvious infection to occur in control treatments. Plant health prior to the trial 
indicates that this was not likely to be already active as a pathogen in the area, with no signs 
of dieback evident, and all plants appearing healthy and vigorous.  Unfortunately no samples 
Transect number N.  novaehollandiae L. pseudotheobromae F. equiseti Phoma sp. 
1 ( n=8) 88% 25% 13%   
2  (n=7) 43% 86% 14%   
3 (n=11) 64% 82% 9%   
4 (n=8) 63% 38% 13% 13% 
5 (n=10) 50% 60% 20%   
6 (n=8) 88%   13%   
7 (n=6) 83%   17%   
total 79% 58% 16% 3% 
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were collected prior to inoculation to determine this as it was assumed that control plants 
would provide adequate comparison against treated plants to prove the cause of plant death 
was a direct result of inoculation with pathogenic fungi.    
As a result of this oversight, and to further assist in determining if inoculation by these fungi 
was the actual cause of plant death, transects were run through the sites assessing plant 
health.  Plants were not tagged as follow up assessments were not planned.  A one off 
chance to reassess these transects was later possible, so transects were re-run through the 
same sites.  GPS coordinates were used to approximate the same transects, so a 
comparison can be made between the two assessments in terms of general plant health 
over the transect length and in comparison to inoculated plants.  The first year of transect 
assessments indicates a direct relationship between transect plant health and distance to 
nearest inoculated plant, supporting the point source theory that infection was spreading 
through the stand of parkinsonia, from inoculated plants to un-inoculated plants.   
There was no treatment effect observed in the inoculated trial, however in 2008 during the 
first transect assessment it can be assumed that all inoculated trial plants were infected with 
disease causing pathogens following their inoculation in 2006.  This subsequently appeared 
to spread to surrounding plants, possibly via root to root transmission. The cracking clays 
found on this site offer an easy mechanism for root wounding and disease spread, with 
spread of parkinsonia dieback observed to move from plant to plant being in an established 
dieback site (Chapter 4).  The following assessment of transects in 2009 showed no 
relationship between inoculated plants and transect plants, most likely due to the spread of 
disease from previously un-inoculated plants seen showing disease symptoms in 2008 with 
disease firmly established within the bounds of the transect site. Neoscytalidium 
novaehollandiae was found in 88% of transect plants sampled, indicating either it’s presence 
as an endophyte or spread from inoculated plants.   
5.10    General Discussion (all field inoculation trials) 
Dieback in parkinsonia has been observed at one location over the past 60 years (Tony 
Kendall, 2006.; Personal communication), and over much of its Australian distribution 
(Diplock et al. 2008).  Isolations taken from 46 sites across Australia found 41 fungal species 
from 13 defined fungal families to be associated with parkinsonia dieback (Chapter 2), 
however, a cause for this phenomenon is yet to be identified (Steinrucken et al. 2015).  
Studies determining the pathogenicity of a selection of fungal isolates on parkinsonia 
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seedlings found a range of fungi, particularly from the Botryosphaeriaceae family virulent to 
seedlings (Toh 2009). These fungi could be also be implicated in causing dieback in mature 
trees. Botryosphaeriaceae fungi have also been found to be implicated with dieback in other 
woody weed species across Australia (Wilson & Pitkethley 1992; Sacdalan et al. 2012; 
Haque 2015; Sacdalan 2015) and other countries (Rayachhetry et al. 1996b) often as latent 
endophytes or opportunistic pathogens causing disease when pathogenesis is triggered by 
some stress to the plant.  The objective of this set of experiments was to develop an 
inoculation technique and determine if it is possible to recreate dieback symptoms on mature 
parkinsonia plants in the field using a selection of fungi found to be associated with dieback.  
The success of this method development has led to implementation of this inoculation 
technique in a number of other studies involving dieback in woody weeds (Wong 2008; 
Drugyel 2009; Toh 2009; Haque 2015; Sacdalan 2015). 
From this series of experiments it was demonstrated that there were a range of outcomes 
among treatments across different experiment locations.  The reaction to wounding method 
varied across experiments when assessing plant health ratings.  Lesion length was not 
generally consistent across different inoculum treatments indicating unmeasured stress and 
environmental factors may play a large role in plants susceptibility to disease susceptibility 
and expression.  Physiological or biotic stresses may be responsible for a plants 
predisposition to disease, with varying factors reducing an otherwise healthy trees ability to 
overcome infection by pathogens (Castello et al. 1995).  Alternatively the presence of 
pathogens in a plant may also influence a plants susceptibility to other stresses (Castello et 
al. 1995).  This is a complex interaction which is difficult to measure in field conditions.  
Trials were first established with a liquid inoculation technique which once employed 
suggested successful colonisation would not occur due to the hot and dry nature of the trial 
site. It was expected if any differences were observed these would be in the drilled stem 
treatments where inoculum was applied directly inside the plant. Assessments of plant 
health 17 months after trial inoculation found no differences in wounding methods, however 
small differences were found in the health ratings of inoculum treatments using Phoma sp. 
and Macrophomina phaseolina.  No typical dieback symptoms were noted, however these 
may have been overlooked due to the researchers not yet having a clear understanding of 
visible dieback symptoms.  Due to the climatic conditions being unfavourable to the form of 
inoculum used, it is also likely that these observed changes in plant health may be a block 
effect rather than a direct inoculum effect.  The inoculation technique was subsequently 
changed to a dry solid medium for experiment NT-2, offering a substrate for the fungi that 
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minimised the effects of evaporation and delayed desiccation of inoculum once applied in 
the field. This was established on the same site as NT-1 in an adjacent set of plants, using 
a different set of inoculum treatments (Lasiodiplodia pseudotheobromae, Phoma sp., and 
Fusarium equiseti). Wounding method consistently showed no effect on plant health ratings 
within or between treatments at this site in both trials, with inoculated fungal species 
retrieved from plants in isolations taken from stem samples 10 months after inoculation in 
experiment NT-2.  This would suggest colonisation of inoculum was successful regardless 
of wounding method.  
Assessments of experiment QLD-1 exhibited differences in plant health ratings of plants 
inoculated with Fusarium chlamydosporum var. fuscum and Neoscytalidium 
novaehollandiae in the first assessment following inoculation, with wounding method not 
significantly influencing plant health ratings between treatments as seen in both experiments 
NT-1 and NT-2.  Large lesions signified successful colonisation by fungal treatments, with 
the control treatment generally showing callused and healed drill wounds. The effect of 
wounding method was significant in the size of observed external lesions, with stem wounds 
producing larger lesions than root wounds in both fungal treatments.  Bacterial 
contamination was evident in viability tested inoculum, possibly due to the moist warm 
environment in the plastic bags used to store the inoculum, providing an ideal environment 
for bacterial growth. Although inoculum was found to still be viable, and able to outgrow this 
contamination.   
Experiment QLD-2 was located on the same site in a stand of plants adjacent to QLD-1, 
using a dry inoculum to overcome the problem with contamination. No significant differences 
were noticed until 28 months after trial establishment with Neoscytalidium novaehollandiae 
and a mix of all fungal treatments producing reduced health ratings when compared to the 
control. This is not consistent with QLD-1 where reduced health early was followed by an 
apparent recovery from infection. In stem wounded treatments, stem lesion length was not 
as pronounced in Fusarium chlamydosporum var fuscum in QLD-2 compared to QLD-1, 
however, N. novaehollandiae produced larger lesions in QLD-2 compared to QLD-1.  The 
mix of four fungal inoculums (Lasiodiplodia pseudotheobromae, Phoma sp., Fusarium 
equiseti. and Neoscytalidium novaehollandiae) and N. novaehollandiae treatments were the 
only two treatments showing both signs of stem lesions and a reduction of plant health in 
the final assessment of QLD-1.  The evidence of F. equiseti associated with dieback across 
varying locations (Chapter 3) and its presence in parkinsonia seeds in India (Sahu & Agarwal 
2002) flags this as a species worth further research in future trials.  Neoscytalidium 
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novaehollandiae has previously been found to be pathogenic to parkinsonia, while Fusarium 
species did not cause significant disease symptoms (Toh 2009).  Due to these factors, and 
the known role of the Botryosphaeriaceae group in dieback of woody plants (Crist & 
Schoeneweiss 1975; Desprez-Loustau et al. 2006; Slippers & Wingfield 2007; Sakalidis et 
al. 2011a; Sakalidis et al. 2011b), this group of fungi will be the focus of this discussion.   
The difference in results across these two trials may be due to the use of dry inoculum rather 
than wet inoculum or a number of other unmeasured factors such as environmental stress.  
According to literature (Pusey 1989; Ma et al. 2001a; Stanoz et al. 2001; Zhonghua et al. 
2001; Desprez-Loustau et al. 2006; Slippers & Wingfield 2007) drought and other stressors 
play an important role in success of infection by Botryosphaeriaceae fungi.  Studies involving 
predisposition of melaleuca (Melaleuca quinquenervia) to Botryosphaeria ribis under varying 
kinds of stresses found that water stress increased canker development and subsequent 
plant death (Rayachhetry et al. 1996a). Similarly, studies between the relationship of water 
stress and canker formation by Botryosphaeria dothidea on white birch stems (Betula alba 
L.) indicate that larger lesions form under the influence of water stress, but that disease 
expression is reversible once plant turgidity is restored (Crist & Schoeneweiss 1975). These 
studies, along with the results observed in  parkinsonia field trials may indicate that water 
stress and disease susceptibility are fluid phenomenon and although may be correlated are 
difficult to measure in the field with plants experiencing a range of flooding, drought events 
and other biotic and abiotic stresses. 
Experiment NT-3 was the only trial where mortality was observed.  This was fast acting 
dieback, with no difference observed between control and fungal treatments in plant health 
ratings.  Inoculum treatments were arranged in a complete randomised block design, so 
each fungal inoculum treatment was present in each block.  All trial plants were wounded 
by drilling, with no unwounded controls included. A flooding event occurred following 
inoculation, and it is possible the inoculum spread and colonised all plants within the trial. 
Root to root transmission may also have occurred, with cracking soils providing a wound 
entry for pathogen entry. Transects established through the site indicated a direct correlation 
between distance to nearest inoculated plant (including control wounded plants) and plant 
health 21 months after inoculation, however no correlation was observed 17 months later 
(38 months after inoculation).  This suggests that transmission of fungi had initially occurred 
from inoculated plants to surrounding plants which then created a dieback event spreading 
from colonised un-inoculated plants.  
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Botryosphaeriaceae disease symptoms have generally been linked with a range of stressors 
causing them to move from a latent stage to a disease causing pathogen (Paoletti et al. 
2001).  Differences in site characteristics including aspect and soil depth and type, climate, 
herbivore stress and defoliation, nutritional status, host plant density and patchiness may 
help explain the range of results seen across all trial locations (Pook et al. 1967; 
Schoeneweiss 1975; Burdon 1982; Jules et al. 2002).  Diverse interactions between 
pathogens, biotic and abiotic stressors have been recognised in predisposing, inciting and 
contributing to plant disease infection and expression suggesting that the variation in these 
factors both spatially and temporally may all contribute to the dieback phenomenon seen in 
parkinsonia (Manion 1981) 
Other factors which need to be considered when examining the lack of uniformity in results 
across trials are the potential presence of differing endophytes across plants/locations which 
may protect the plant from disease development (Saikkonen et al. 1998; Kogel et al. 2006; 
Sieber 2007).  This has been observed in trials involving disease development and presence 
of endophytes in Theobroma cacao L. (Arnold et al. 2001; Arnold et al. 2003). The 
parkinsonia field trials only focused on retrieval of inoculated fungi when completing 
isolations, so it is highly likely that many endophytes present in the plant were undetected, 
due to the culturing techniques used (Arnold et al. 2001; Gamboa et al. 2002; Sun et al. 
2011). Studies assessing the endophytes associated with parkinsonia dieback compared to 
healthy parkinsonia trees found a significant difference in this microbial composition, 
including archaea, bacteria and fungi associated with dieback (Steinrucken et al. 2015).  The 
inability to consistently recreate a dieback phenomenon across a parkinsonia stand in these 
trials is likely to be due to the complexities formed by both the combination of geological and 
climatic differences across field sites, as well as the potential differing composition of 
protective endophytes.  
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 General discussion  
6.1    Background and objectives of research 
An unexplained mortality in stands of parkinsonia has been observed since the 1950’s in 
Australia (Tony Kendall, 2006 Personal communication). In some areas this has been 
observed providing a natural system of parkinsonia population management with 
considerable ecological importance (personal observation).  The main objective of this 
research was to gain an understanding of parkinsonia dieback across its range in Australia. 
In achieving this, three main research aims were pursued.  1, to catalogue the range of fungi 
found to be associated with parkinsonia dieback across Australia; 2, to assess the 
movement of naturally occurring dieback in a stand of parkinsonia; and 3, to investigate the 
effectiveness at recreating dieback symptoms when applying selected fungi to healthy 
parkinsonia infestations under field conditions.   
A significant range of fungi were found, not previously documented to be associated with 
dieback in parkinsonia.  Monitoring of parkinsonia dieback over time has never previously 
been recorded, with only anecdotal evidence of its progression through a population.  This 
long term study provides the first documented assessment of the progression of dieback 
through a stand of parkinsonia.  The result of this notably increases our understanding of 
this phenomenon.    
The innovative formulation of a selection of these dieback related fungi into an effective 
inoculum, and the development of a successful inoculation method has been adopted by 
further research into woody weeds (Wong 2008; Drugyel 2009; Toh 2009; Haque 2015; 
Sacdalan 2015).  Prior to this research, existing formulation methods generally involved 
applying the inoculum to the surface of the plant or involved a complex formulation 
procedure. The ease of production and the effectiveness in promoting infection using this 
method contributes significantly to inoculum formulation technology, particularly for use on 
woody weeds.   
This chapter will summarise the major findings of these three main focuses of this research. 
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6.2    Diversity of fungi associated with parkinsonia dieback across Australia. 
This is the first study to collect, assess and compare fungal organisms associated with 
parkinsonia dieback across five climatic or geographical regions of northern Australia 
(Region 1, semi humid tropics; Region 2, semi humid tropics (different geographic region to 
Region 1); Region 3, semi-arid wet-dry tropics; Region 4, semi-arid; Region 5 semi-arid 
(different geographical area to Region 4)).  Key species were found across a number of 
locations and justify further investigations into their association with this disease.  Chapter 
3 provides a comprehensive list of species identified to be associated with parkinsonia 
dieback. 
Minimal work has previously been conducted on fungi associated with parkinsonia.  
Extensive surveys suggest that dieback is not present in its native range (van Klinken & 
Heard 2012).  Studies involving fungi associated with the seeds of parkinsonia found 16 
seed borne fungi (Sahu & Agarwal 2002a, 2002b), however none of these were assessed 
for their disease causing capabilities.  Studies involving the assessment of organisms 
associated with parkinsonia dieback have recently been conducted, which indicate a 
difference in a range of endophytes compared to healthy specimens concluding they play a 
role in dieback development (Steinrucken et al. 2015).  However, Steinrucken’s study did 
not compare different species found across varying locations or assess pathogenicity of 
these organisms on parkinsonia. 
Of the 16 species previously found in parkinsonia seeds in India (Sahu & Agarwal 2002a) 
only two species were matched in this study (Fusarium equiseti and Alternaria alternata). 
Alternaria alternata was only found in 1 location, and in 1% of all plants sampled.  Fusarium 
equiseti was found four of the five locations, and 8% of plants sampled, however it proved  
to be avirulent when applied to parkinsonia seedlings (Toh 2009) and juveniles (Wong 
2008).  Field trials using this species demonstrated an ability to cause large lesions when 
compared to control plants, suggesting a more complex relationship may be occurring within 
this fungi- plant interaction than originally thought. 
Macrophomina phaseolina was found in 40% of sites and 30% of plants across four of the 
five climatic regions.  This has been identified as a disease causing organism across a wide 
host range (Kaur et al. 2012; Farr & Rossman 2013), although, to date, has not been 
recorded to cause diseases on mature trees. This may indicate that parkinsonia is uniquely 
susceptible to this endemic fungus, and may be suffering from a regional ‘population crash’ 
as a result, a phenomenon seen with other alien plant invasions where unexplained declines 
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of invasive species have been observed (Simberloff & Gibbons 2004).  Lasiodiplodia 
pseudotheobromae was found across all locations, however in only 8% of plants sampled. 
These two species, along with Lasiodiplodia parva, Barriopsis iraniana, and Neoscytalidium 
novaehollandiae were found across varying locations and are commonly recognised as 
dieback causing pathogens.  These species have demonstrable pathogenicity towards 
parkinsonia seedlings and juveniles as seen in trials conducted by Toh (2009) and Wong 
(2008).  These fungi belong to the family Botryosphaeriaceae, and are commonly 
recognised as endophytes capable of causing disease when conditions are favourable 
(Petrini & Fisher 1988; Slippers & Wingfield 2007).  
The range of endophytes found may not be an accurate representation of those associated 
with parkinsonia dieback, with some possibly overlooked due to a number of factors.  Only 
stem samples were collected, with minimal information collected on the age of the plant or 
the climatic conditions during the time of collection.  Arnold et al. (2001) and Slippers and 
Wingfield (2007) have identified these as important factors that need to be taken into 
consideration when assessing endophyte presence.  Surveys of blueberry (Vaccinium spp.) 
farms being affected by dieback found a variety of Botryosphaeria species in different parts 
of the plant (Sammonds et al. 2009), suggesting other endophytes may have been missed 
due to the collection of parkinsonia stem samples only.  Steinrucken et al. (2015) found 
differences in the range of organisms in different plant parts (stem tip, stem, root) when 
assessing dieback affected and healthy parkinsonia plants, with similarities in community 
structure in stem tips and stems in dieback affected plants.  This recent research conducted 
by Steinrucken et al. (2015) on parkinsonia dieback related endophytes, combined with the 
range of fungi found across different locations in this study validates the need for further 
research into the role of endophytes on parkinsonia dieback including sampling from 
different parts of the plant. 
6.3    Movement of parkinsonia dieback over time. 
The study of movement of dieback at Koon Kool station (Chapter 4) is the first record of the 
progression of dieback in parkinsonia over a period of time.  This showed a clear movement 
as a disease front through a stand of parkinsonia plants at a rate of approximately six metres 
per year.  Modelling of the data collected in these transect studies indicates that it takes 20 
years for a dieback event to kill a population of healthy parkinsonia, with 75% of plants dead 
within five years.  Macrophomina phaseolina was highlighted as a possible cause for the 
dieback observed in this area, and the close proximity of plants to each other would indicate 
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spread of this pathogen from plant to plant via root contact or movement of propagules 
(microsclerotia) through the soil during flooding events.   
The movement of dieback from inoculated plants to un-inoculated plants was observed 
during field trials at Hayfield Station (Chapter 5.9).  Transects running through inoculated 
blocks were assessed 21 months after plants were inoculated.  This showed a positive 
correlation between plant health and distance to nearest inoculated plant.  In the following 
assessment (38 months after inoculation) no correlation was observed, suggesting that the 
pathogens had further spread throughout the population providing a source of inoculum in 
un-inoculated plants. 
Transect sites at Koon Kool station demonstrated minimal seedling germination, with no 
survival of seedlings between years.  Personal observations at healthy parkinsonia sites 
indicate an increase in population density following germination of seeds after the death of 
a parent plant. This indicates that pre and post emergence infection of dieback pathogens 
are capable of preventing a new generation of plants, eventually halting population growth 
as seed banks are diminished. The ability of some of the fungi associated with dieback to 
cause seedling mortality both pre and post emergence was demonstrated in trials conducted 
by Toh (2009).   
Studies by Augspurger and Kelly (1984) illustrated that seedling death of Platypodium 
elegans caused by damping off pathogens was higher when seedlings germinated closer to 
parent plants. The further the distance from the parent plant, the more likely seedling were 
to escape sources of inoculum.  Community structure may be altered significantly when 
infection by pathogens reduces fecundity sufficiently, with populations falling and long term 
changes possible (Dinoor & Eshed 1984; Burdon 1991).  This has been seen in Tsuga 
mertensiana (Bong.) Carr. infected by the dieback pathogen Phellinus weirii in the Cascade 
mountains of Oregon, USA with infestations of dieback altering the habitat to be colonised 
by the less susceptible Pinus species.  In many natural plant populations this may not be 
ideal, however the ability of dieback to change the species domination away from invasive 
weeds such as parkinsonia and release resources for other plants is promising for biological 
control.   
Albeit the large changes in plant communities that pathogens are capable of causing, little 
work has been done at the landscape level (Castello et al. 1995).  The monitoring of 
parkinsonia dieback in a naturally occurring area, and the effect on seedling recruitment, is 
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a significant addition to the understanding of the effects of dieback on a population of this 
invasive weed. 
6.4    Using fungi in the field for parkinsonia management 
Prior to this research no attempts had been made to apply dieback related fungi to 
parkinsonia in the field. The presence of harsh conditions in the field provides challenges 
when applying fungal organisms to plants with intention to promote infection. The correct 
formulation is a fundamental requirement for successful colonisation to occur (Connick et 
al. 1990; Sands et al. 1996).  Chapter 5 focused on method development and formulating 
fungi into an inoculum that could withstand these unfavourable conditions and create 
infection in the plant.  Field trials involved establishing a successful innovative approach 
which was subsequently adopted for use in a number of research projects involving dieback 
on woody weeds (Wong 2008; Drugyel 2009; Toh 2009; Haque 2015; Sacdalan 2015).  A 
varying response to fungal species treatments and wounding methods was observed across 
different field locations with disparities possibly caused by a number of different factors.   
Wounding plays a role in plants susceptibility to pathogens, providing an entry  for disease 
causing organisms to enter plant tissues (Cheong et al. 2002).  Infection and disease 
expression by Botryosphaeriaceae fungi may be promoted by mechanical wounding 
(Schoeneweiss 1975).  This may naturally occur by disturbances such as grazing by cattle, 
fire, native and feral wildlife (Deveze 2004) or the cracking soils which parkinsonia is often 
found (personal observation).  Wounding was purposely created with varying methods 
including root wounding, stem scraping and stem drilling.  Field trials gave varying results in 
response to wounding, however, this may have been related to the form of inoculum used.  
No difference was seen in lesion lengths or plant vigour in relation to wounding method when 
using a liquid inoculum in the initial trial using three different wounding techniques when 
compared to unwounded plants.  This is likely to be a response to an unsuitable inoculum 
formulation rather than the wounding method itself.  When using grain formulated inoculum 
infection was successful in both root and stem wounded (drilled) plants in many instances, 
with lesion lengths more pronounced in stem drilled plants.  As a result, subsequent trials 
used only stem drilling as this proved to provide consistent infection and was an easier 
approach to inoculation than root wounding methods. 
Trials showed a varying response to different fungal species across different sites, 
highlighting the importance of other factors in the plant-pathogen interaction.  Abiotic factors 
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play a large role in the susceptibility of plants to pathogens, with drought and flooding both 
considered to predispose plants to pathogen attack (Schoeneweiss 1975; Rayachhetry et 
al. 1996; Palik et al. 2011; Davison 2014).  Drought stress has commonly been associated 
with promoting infection in plants by latent pathogens which otherwise remained 
symptomless (Pusey 1989; Mullen et al. 1991; Ma et al. 2001; Stanoz et al. 2001; Hendry 
et al. 2002).  The climatic regions in Australian and riparian zones parkinsonia plants are 
generally found growing are subject to a distinct wet/dry season, exposing plants to both of 
these stresses.  This suggests further studies into these interactions are needed. 
6.5    Future directions  
The three main objectives of this research were fulfilled and contribute significantly to 
understanding parkinsonia dieback.  Primarily, a range of fungi associated with dieback were 
identified and their spread across dieback areas in northern Australia recorded.  The 
movement of dieback was monitored over time, observations and models predicting its 
impact on a population suggest this could significantly impact tree density and fecundity, 
resulting in long term changes in community structure.  Formulation and inoculation methods 
were developed for field application, resulting in successful infection and adoption of 
methods by other research into woody weeds.  These new and significant findings justify 
further studies in this field. 
Given the occurrence of Fusarium equiseti in 4 of the 5 locations sampled, and its presence 
being previously detected in seeds of parkinsonia in India (Sahu & Agarwal 2002a), further 
research should be focused on the role of this fungi in dieback.  In one field trial the 
application of this fungi showed varying results with significant vigour differences when 
compared to control plants ten months after inoculation.  This species was later isolated 
from all stem wounded and 3/5 root wounded plants, regardless of the fungal species they 
were inoculated with.  When applied to plants at Hayfield station no differences were 
observed in vigour compared to other treatments, and no significant lesion lengths were 
observed. This was however later isolated from all transect sites across the trial and found 
in 16% of plants. The presence of this fungus in parkinsonia across two countries and its 
association with dieback related plants highlights this as an important species for future 
studies.  
The complexities in determining a single causal agent of dieback, and the need for research 
assessing the importance of factors such as plant age, soil moisture and soil type and their 
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role in parkinsonia dieback has been highlighted in dieback in other species.  Studies 
investigating dieback of Fraxinus nigra Marshall across Minnesota found a largely varied 
occurrence across the state and concluded that the underlying cause was not uniform 
across studies sites (Palik et al. 2011). This study did not assess pathogens as a contributor, 
however, flooding, tree size and distance from nearest road were all found to have a 
significant impact on dieback occurrence.  Research into other woody weeds indicated that 
fungi may play a role in dieback observed in Mimosa pigra and Vachellia nilotica subsp. 
indica however a single causal agent responsible for dieback could not be determined 
(Sacdalan et al. 2012; Haque 2015; Sacdalan 2015).  Pathogens were the main focus of 
these studies, with interactions between pathogens and factors such as drought, salinity and 
defoliation also considered.  Similar studies could be considered for future research into 
parkinsonia dieback, assessing the interaction of other stressors and dieback fungi. 
Dieback has been observed in bitou bush with studies conducted involving the collection of 
samples over 31 sites.  Fungi from 55 taxa were identified with a number of fungi repeatedly 
associated with the lesions (Stemphylium, Phomopsis, Fusarium, Alternaria, Phoma and 
Botryosphaeria (Cother et al. 1996). None of these proved pathogenic, indicating that 
dieback in bitou bush may be caused by a disease complex.  This illustrates more of the 
complexities in identifying a single causal agent in dieback affected plants and the need for 
further research into the complexities of fungi - plant - stress interactions.  
The presence of multiple species of fungi found in parkinsonia dieback affected stems, many 
from Botryosphaeriaceae, indicates the possibility of a disease complex.  Future research 
should focus on the possibility of multiple infections being responsible for dieback, and the 
mechanisms that trigger these from a latent endophytic stage to a pathogen. An 
understanding of the importance of endophytes in this dieback phenomenon may also be 
vital to completely comprehend the factors involved in a plants susceptibility to these 
pathogens.  Studies involving assessment of the microbial community structure in different 
parts of parkinsonia plants has given some light to this (Steinrucken et al. 2015). These 
indicated a difference in the microbial communities of healthy compared to dieback affected 
plants, however, did not explain their role in either protecting or causing dieback symptoms.  
The transmission of dieback fungi from plant to plant requires further research with 
anecdotal evidence observed in these trials suggesting root to root transmission is likely.  
The transmission of dieback fungi and protective endophytes through seeds should also be 
considered.  These factors combined with stress interactions may offer some reasoning for 
the observed patchiness of dieback in different locations across northern Australia.  
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6.6    Conclusions 
These three studies investigating parkinsonia dieback have clearly demonstrated a range of 
fungi are associated with parkinsonia dieback; their effect on population dynamics and 
potential for use in the field as a biological control agent.  Forty one different species of fungi 
were identified to be related to dieback affected plants across five climatic regions.  A 
temporal study assessing the movement of naturally occurring dieback though a parkinsonia 
population indicated a significant impact on adult plants and fecundity. An innovative 
formulation and inoculation method was developed which leads the way for biological control 
application following further research into the key isolates identified as lethal to parkinsonia 
plants.  Based on these studies, no single causal agent could be identified, indicating 
complex relationships between pathogenic fungi, endophytes, stress and the host plant and 
the potential for further research in this field. 
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